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ELECTRON/PROTON SPECTROMETER

CERTIFICATION DOCUMENTATION:

ANALYSES

1.0 INTRODUCTION

This document contains a compilation of analyses generated

throughout'the progressive development of the Electron/

Proton Spectrometer (EPS) for Skylab. The purpose of the

compilation of these data is to document the analyses required

by the "EPS Verification Plan" (LEC Document No. EPS-435).

The "EPS Verification Plan" was generated to satisfy the

"Apollo Applications Program Ancillary Hardware General

Requirements" (MSC Document No. MSC-KIA-D-69-44, Revision A),

and the NASA Contract, "Electron/Proton Spectrometer for

Skylab", NAS 9-11373.

2.0 CERTIFICATION OF THE EPS

The certification of the EPS requires that the various tests,

inspections, and analyses be documented and approved/accepted

by the cognizant Reliability and Quality Assurance personnel

for the EPS program. The certification is to be accomplished

in three parts in accordance with the "EPS Verification Plan".

e Evaluation and review of the "Qualification Test Pro-

cedure", the records of the qualification testing of

the EPS Qualification Test Unit, the "Qualification

Test Report", and the acceptance test procedures.

e Evaluation and review of the inspection procedures and

data points defined by the "EPS Verification Plan", and

the results of the various inspections.

1



2.0 Continued

eo Evaluation and review of the various analyses performed

during the development and testing of the EPS.

2.1 Qualification Verification

The "Qualification Test Procedure", the records of the quali-

fication testing of the EPS Qualification Test Unit, the

"Qualification Test Report", and the acceptance test procedures

have been reviewed and accepted by NASA/MSC.

2.2 Inspection Verification

The inspection procedures and data points, as defined by the

"EPS Verification Plan", and the results of the various

inspections have been reviewed and accepted by NASA/MSC.

2.3 Analyses Verification

The collection and identification of the various analyses

performed during the development of the EPS are contained

within this document to facilitate their evaluation and

review. Analyses made during the early development stages

of the EPS program are not necessarily correct for the final

item. The early analyses, however, provided the basis for

arriving at the final configuration of the EPS, and reflect

the progression of scientific and engineering skills in the

development of a superior product.

3.0 VERIFICATION MATRIX

The "Verification Matrix", a sub-section of the "EPS Verifi-

cation Plan", provides, in matrix form, a listing of the

various EPS functions to test, inspect, and analyze, in order

to comply with the requirements of the EPS contract NAS 9-11373

2
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3.0 Continued

and the "AAP Ancillary Hardware General Requirements". The

contents of this document, therefore, is a representative

cross-section of.the various analyses made during the develop-

ment of the EPS, and are arranged in section order as found

in the "Verification Matrix" (see Table 1 - "EPS Verifi-

cation Plan - Verification Matrix"). -:.- ...

3



EPS-435

TABLE I - EPS VERIFICATION PLAN - VERIFICATION
MATRIX

VERIFICATION METHOD:

1. TEST

2 . ASSESSM~ENT

A. SIMILARITY

B. A4ALY'SIS

C. INSPECTION

D. DEMONSTRATION

TEST TYPE

NR - NO REQUIREMENT

A - DEVELOPMiENT

B - QUALIFICATION

C - ACCEPTANCE

D - PRE-INSTALLATION

E - INTEGRATED SYSTEMS

F - PRELAUNCHI

G - OTHER

Section 3.0 VERIFICATION METHOD Verification
End Item . Plan
Specification Reference
Reference NR A B C D E F G

3.0

3.1

3.1.1

3.1.1.1

3.1.1.1A

3.. 1. 1.1B

3.1.1.1.1C

3;.1.1. 1F

3.1.1.1F

3.1.1. 1G

3.1.1.2

3.1.1.2.1

3.1.1.2.2

3. 1.2

X

X

X

X

X

X

1

1

'1

1

1

1

1

1

1

1 1

2.3.4

2.3.4

2.3.4

2.3.4

3.1

2.3.4

2.1 & 3.1

2.3.4, 3.1.8 & 4.2

-4
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TABLE I - EPS VERIFICATION PLAN - VERIFICATION
...... MATRIX (Continued)

Section 3.0
End Item
Specification
Reference

3.1.2.2

3.1.2.2.1

3.1.2.2.1a

3.1.2.2.1b

3.1.2.2.1d

3.1.2.3

3.1.2.4

3.1.2.5

-3.1. 2. 6~3.1.2.6

3.1.2.7

3.1.2.8

-3.2

·3.2.1

-3.2.1.1

3.2.1.].1

3.2. 1. 1.2

-3.2.1.1.4

3.2.1.1.5

3.2.1.1.6

3.2.1.5

3.2.1.5C

-3.2.1.6

3.3

3.3.1

3.3.1.6

3.3.1.7

3.3.1.7.1

3.3.1.8

3.3.2

VERIFICATION !IETHOD

NR

X

X

X

X

X

X

X

X
X

X

X

V

X

A

2C

2C

2C

2B

2B

2B

B

1

1

1

2C

2B

2B

2B

1

2C

2B

C D E F G

Verification
Plan
Reference

3.1.2 thru 3.1.7

3.1.2 thru 3.1.7

3.1.2 & 3.1.3

3.1.6

EPS-435
U
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EPS-435
TABLE I - EPS VERIFICATION PLAN - VERIFICATION

MATRIX (Continued)

Section 3.0 VERIFICATION METHOD Verification
End Item __ Plan
Specification Reference
Reference NR A B C D E F G

I D.

3.3.2.3

3.3.2.4

3.3.2.5

3.3.2.6

3.3.2.7

3.3.2.9

3.3.2.10

3.3.2.11

3.3.2.12

3.3.2.13

3.3.2.14

3.3.2.15

3.3.2.16

3.3.4

3.3.4a

3.3.34b

3.3.4d

3.3.5

3.3.6

33.3.6.1

3.3.6.2

3.3.3.7

3.3.8

3.3.38.1

3.3.8.2

3.3.3.9

3.3.10

X

X

X

X

X

X

X

23

2B

2B

2B

1

2B

2B

2B

2B

2C

2B

2C

2B

2B

2B

1

1

1

1

2B

2B

2B

2C

2C

2D

2B

2B

1

2C

2C

2C

2D

2.3.3 & 3.1,6

3,1.2

3.1.8

2.3.3

& 4.2

& 3. 1.6

I



EPS-435

TABLE I - EPS VERIFICATION PLAN - VERIFICATION
MATRIX (Concluded)

Section 3.0
End Item
Specification
Reference

3.3.10.1

3.3.'10.2

3.3.10.3

3.3.10.4

3.3.10.5

3.3.10.6

-. 3.3.10.7

3.3.10.8

.3.3.10.9

'3.3.10.9.1

3.3.11

- 3.3.12

3.3.13

3.3.14

3.3.15

- 3.3.16

3.3.17

3.3.18

3.3.19

VERIFICATION M4ETHOD

NR

X

X

A

2B

2B

2B

2B

2B

2B

2B

2B

2B

2B

2C

1

2C

B

2B

2C

2C

2C

2C

2C

2B

2B

2B

2B

2C

2C

2C

1

2C

2B

C

2C

2C

2C

2C

2C

2C

2C

2C

D E F G

Verification
Plan
Reference

2.3.1 & 3.1.7

7-
4
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VerificatJ
Matrix
Number

3.1.2.3

3.1.2.8

3.2.1.1.1

3.2.1.1.2

3.2.1.1.4

3.2.1.5C

3.3.1.7.1

3.3.2.4

3.3.2.6

3.3.2.7

3.3.2.9

3.3.4

3.3.6.1

3.3.6.2

3.3.7

3.3.9

3.3.10.2

VERIFICATION MATRIX'S SECTIONS

APPLICABLE TO ASSESSMENT ANALYSIS

(INDEX)

ion

Section Title

Minimum Useful Life

Safety

Location, Envelope Weight and Center

of Gravity

Structural

Electrical

Mission Interfaces

Structural Factors of Safety

Electrical Connectors-Pin Assignment and

Pin or Socket Selection

Materials Detrimental to Electrical

Connectors

Electrical and Electronic Piece Parts

Protection of Electrical and Elec-

tronic Devices

Debris Protection

Test Points

Test Equipment

Single Point Failure

Selection of Specifications and

Standards

Restoration of Use of Transistors

and Capacitors

Page

10

11

21

23

109

179

180

181

182

183

184

185

187

188

189

200

404

8



Verification
Matrix
Number

3.3.10.3

3.3.10.4

3.3.10.7

3.'3.10.9

3.3.10.9.1

3.3.11

3.3.12

3.3.13

3.3.14

3.1.18

VERIFICATION MATRIX'S SECTION

APPLICABLE TO ASSESSE1IENT ANALYSES

(INDEX) (Continued)

Section Title

Soldering

Welding and Brazing

Adhesive Bonding

Parts and Materials

Controlled EEE Parts

Standard Parts

Fungus Resistance

Corrosion Prevention

Interchangeability and Replaceability

Storage

9
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404

404

405

405

405

455

455

455

455

456



3.1.2.3 Minimum Useful Life

The detectors are the only items on the EPS having a limited

life expectancy. The detectors, therefore, are subjected to

a special screen and burn-in program to determine their

operating parameters, their statistical useful life, and

their reliability. Also, because of the limited life expect-

ancy of the detectors, the EPS flight units will be delivered

to NASA/MSC with diodes mounted in place of detectors. The

flightdetectors will be installed on the EPS flight units

shortly before launch.

10



3.1.2.8 Safety

The document "Safety Assessment for EPS Electron-Proton

Spectrometer", EPS-425, included herein, presents the safety

analyses.

11



EPS-425

SAFETY ASSESSMENT

FOR

EPS ELECTRON-PROTON SPECTROmETER

LEC Document Number EPS-425

Prepared by

Lockheed Electronics Company, Inc.

Houston Aerospace Systems Division

Hcuston, Texas

Under Contract NAS 9-11373

For

National Aeronautics and Space Administration

Manned Spacecraft Center

Houston, Texas

August 1971
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EPS-425'

SAFETY ASSESSMENT

1. PURPOSE

The purpose of this safety analysis is to identify the

efforts required to assure relatively hazard free operation

of the EPS and to meet the safety requirements of the

program.

Safety engineering criteria, principles, and techniques in

applicable disciplines is stressed in the performance of

system and subsystem studies; in test planning, and in the

design, development, test, evaluation, and checkout of the

equipment, and the operating procedures for the EPS program.

2. DATA

There are no formal data submittal requirements specifically

associated with the EPS system safety engineering program

listed in the contract. However, letter reports and safety

assessment requiring the attention of NASA/MISC will he

transmitted when appropriate and any accident/incident

reports prepared in response to NASA/MSC direction will

be submitted.

14



.EPS-425

3. SYSTEM SAFETY ASSESSMENT

3.1 TOXIC FLUIDS OR MATERIALS

No toxic fluids or materials will be used during the

processes of manufacturing, testing, or handling of the

EPS.

3.2 FLAMIM1ABLE FLUIDS AND MATERIALS

No flammable fluids or material will be used in the

manufacturing, testing, or handling processes of the EPS,

except isopropyl alcohol for cleaning the electronic

subasserrmblies. -

3.3 NUCLEAR COMLPONENTS/RADIATION

The EPS instrument itself does not contain any nuclear

components; however, the laboratory equipment will contain

radiation sources. LEC has been licensed to use radioactive

sources.

. .

15



EPS-425

3.4. RADIOACTIVE SOURCES

Radioactive Material Quantity

Barium-133* Solid, Elemental 2 sources not to exceed
100 microcuries each

Cesium-137* Solid, Elemental 4 sources, each of three
not to exceed 100 micro-
curies, one not to exceed
1 microcurie

Bismuth-207* Solid, Elemental 4 sources, each of three
not to exceed 100 micro-
curies, one not to exceed
1 microcurie

Americium-241** Solid, Elemental 1 source not to exceed
0.1 microcurie

*Evaporated onto plastic film (Typical Bionuclear Inc.,
Houston, Texas.)

**Electrodeposited onto platinum foil (Typical Ortec Inc.)

These radioactive sources will be used for routine checks

and calibrations of lithium-drifted silicon detectors,

either in air or in a vacuum chamber. Because of their

solid form and low activity, it is necessary to handle

the sources with only a pair of small tongs.

3.4.1 Radiation Protection Program

The sources will be stored in locked, appropriately marked

cabinets when not in use, with access to authorized users

only. While the sources are not in use, they will be

stored in a locked cabinet such that the dose level at

the surface of the cabinet is < 2 mr/hr. While in use,

appropriate radiation signs will be placed at the 2 mr/hr

locations.

16
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I.--..EPS-425

In addition, personnel using the sources on a routine basis

will wear film badges available from R. S. Laudauer, Jr.

and Company.

3.4.2 Waste Disposal

At the end of the EPS program, the sources will be turned

over to the NASA/MSC Health Physics Group for either storage

or disposal. No wastes or disposal are expected to be neces-

sary for these sources during the duration of the EPS program.

3.5 VAN DE GRAAFF FACILITY

An adequate safety program is already in existance at the

Van de Graaff facility, and consists of the following:

(1) The first time the accelerator is operated in each of

the three modes, (low energy proton, high energy proton,

and electron mode) Health Physics will be notified to

perform a radiation survey for that mode.

(2) Prior to each accelerator startup, the operating super-

visor or his alternate shall be responsible to see that the

following control procedure is accomplished:

a. Physically check each entrance into the target area to

insure that the interlock system is functioning correctly.

b. Inspect the target room before each accelerator startup

to verify that no one is present.

c. Check the visual warning system to insure that all units

are operating correctly.

d. Check the area monitoring system panel to insure that

all monitors are operating.

17



EPS-425

e. Announce over the building intercom system, two (2)

minutes prior to each startup, that accelerator opera-

tions will commence immediately. 

f. Check the roof area for occupancy restrictions when

required for a particular mode of operation.

g. Insure that an approved operator is at the console panel

during accelerator operation.

3. It shall be the responsibility of the facility super-

visor to maintain an OPERATION LOG. This record will

indicate modes of operation and duration of each operation,

e.g., target used, current, voltage and time spent on each

mode of operation.

4. Approval must be received from the Radiological Control

Officer (RCO) before anyone is allowed in the target room

during radiation producing operations.

5. During the period covered by Machine Use Request 000225

(April 15, 1971 to February 1, 1972), no modifications will

be performed on the accelerator facilities without authori-

zation from the RCO.

6. In the event of a RADIOLOGICAL EMERGENCY, operations will

be suspended and Health Physics notified immediately.

'7. The roof area will be roped off and posted "Caution

Radiation Area" during electron, proton and neutron

production.

8. The doors to the accelerator target room will be posted

as restricted-areas at all times and will be posted "Caution

High Radiation Area."

18



EPS-425

3.6 ENVIRONMENTAL CHAMBERS FACILITIES

NASA/MSC Environmental Facilities will be used for Quali-

'fication Testing and other environmental testing. These

facilities have their own safety program approved by

NASA/:ISC.

3.7 CONTROL SYSTEM TEST FACILITIES

All environmental chambers located in the Lockheed Facility

test area have been checked for safety features, and per-

sonnel using these facilities are aware of the procedures

and cautions.

3.8 END ITEM ASSEMBLY

Maximum efforts have been made ,luring design to ensure

thatthe optimum degree of inherent safety has been

included in all equipment designed, procured, or leased

for the EPS Program through the selection of appropriate

equipment components and design features, and through the

use of materials which are known to be hazard free.

Appropriate action has been taken to assure that necessary

functions of the system will occur as required, and that no

primary failures will cause a chain of dependent failures

which would degrade system safety and create hazardous

conditions.

19



EPS-425

The environmental and acceptance test procedures will be

designed to reflect safety considerations in their testing

operations. The safety of the operations as well as the

ability of the procedures to enhance the inherent safety

achieved-in the subsystems and equipment is a prime

consideration.

3.9 RADIO FREQUENCY (RF) RADIATION HAZARDS

The limit for equipment exposure to RF radiation has been

established at 0.01 watt/square centimeter (CrI ) at any

frequency. It is possible to encounter even higher power

densities than this established safe maximum limit during

the tests required by the Radio Frequency interference (RFI)

tests; however, these high densities are localized.

Susceptibility to fields and voltages from other circuits

and equipment in the spacecraft was reduced to a practical

minimum in the basic design of each assembly and sub-assembly.

Primary consideration was given to components and circuits

that are inherently free of susceptibility to magnetic

fields at dc and audio frequencies. Preference was also

given to circuits and components which are optimally free

of susceptibility to transient voltage fluctuations and

response to signals outside the intended operating

frequency bands. The EPS is designed to withstand the

transient supply voltage changes caused by the operation

of other equipment in the spacecraft without degradation

of operation. All digital logic has been designed to

operate at as high a triggering voltage as feasible,

definitely above the millivolt level. This design objective.

will provide optimum freedom from inadvertent operation due

to stray pulses.

20



3.2.1.1.1 Location, Envelope Weight and Center-of-Gravity

The EPS was initially designated to be located on the Skylab

Multiple Docking Adapter at which time a 15-pound maximum

weight limitation was imposed on the design. Within approxi-

mately two months after the award of the EPS contract, however,

notification was received that the EPS was to be relocated to

the Command Service Module in the sector No. 3 fairing area by

radial beam No. 2. At that time, a maximum weight limitation

of 20 pounds was imposed. The relocation also dictated two

major changes in the structural design of the envelope:

1) The mounting flange was to be about the mid-section of

the EPS instead of at the base of the EPS, and 2) A structural-

ly stronger envelope was required to withstand the exceptionally

higher shock and acceleration g-forces associated with the new

location. The resulting envelope weight for the Structural

Test Unit was 21 pounds, the Engineering Test Unit, 22.5 pounds,

and the Qualification Test Unit, 22.53 pounds.

The center-of-gravity, which remained at essentially the same

point throughout the several packaging designs, is essentially

the same as that for the Qualification Test Unit (see figure 1).

21
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3.2.1.1.2 Structural

The following are documents applicable to the assessment of

the structural requirements of the EPS.

Subject Title

EPS Packaging Design Specification

(Goals) (EPS-19)

Hermetic Sealing of EPS (EPS-5)

EPS Thermal Packaging Design (EPS-11)

Thermally Conductive Substrates for Printed

Circuit Boards (EPS-71)

-Interface of EPS with CSM (EPS-92)

Results of the EPS/CSM Interface Meeting

Held at North American Rockwell on

1-12-71 (EPS-104)

Preliminary Results of Thermal Analysis

(EPS-174)

Comments on the Thermal Design Analysis

(TXA 50-131) from LMSC - April 1,

1971 (EPS-194)

Additional Thermal Analysis Results

(EPS-200)

Random Vibration Criteria for EPS (EPS-123)

EPS Sensor - Qualification Model

EPS Baseplate - Qualification Model (EPS-855)

23

i,-

Pae

25

27

29

30

32

35

40

43

46

47

52

71



Subject Title

EPS Proposed Increase in Qualification Vibration

Level

Proposed Increase in Qualification Vibration

Levels for the EPS (EPS-675)

Comparison of Acceleration Levels to Other

Dynamic Test Levels for the EPS (EPS-592)

Statement of Work: Barry Vibration Isolators

for EPS (EPS-670)

Vibration Testing of the EPS Electronics

(EPS-722)

EPS Combined Pressure and Random Vibration

Vibration Test Report (Interim) on Solid State

Radiation, Inc's. Lithium Ion Drift

Detectors

24

:Page

73

80

84

91

92

94

98



EPS- I1.9
Revision B
12- 8--70

EI.ECTIRONi-PRO'TONJ SPECTIROMETER

PACKAGING DESIGN SPECIFICATION (GOALS)

1. Location - Mounted on multiple docking adaptor.

2. Instrument will be thermally isolated from vehi

3. Temperature Range, External - -1800F to +277°F.

cle skin.

4. Temperature Range, Internal -

Operatin

Detectors
Electronics

g Mode
-58°F to +32°'
-13°F to +77°F

Standby Mode

-58°F to 4-95°'F
-13°F to +158°F

Pow.,er
Electronics - 12 watts
Heaters - 3 watts available.

6. Package Size - 10" x 8" x 5" (400 cubic inches).
will protrude beyond 5" package height).

7. Weight - 15 lbs.

8. Operating Pressure - 10
-
8

(Detectors

torr.

9. General

a. Information on other environmental requirements is
contained in MISC-01159, Rev. C "Flight Hardware Envrircn-
mental Design Requirements", September 1, 1970.

b. It is presently planned that the detectors will be
sealed units.

c. It is presently planned that the packaging design will
provide conductive paths to the external walls of the
package, to transmit heat from the electronics.

d. Electronics - Analog electronics will use P/C board
techniques; digital and power supplies will most
probably utilize welded cordwood modular techniques.

Ref. B - Temp. Range, Internal Mode: "-580F to +320 F"was
"-13°F to +770F" and "-130F to +32°F to 122F".

-13F to +7'"ws"3O

25
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Perform Qvaluation and initial 'analysis of existing

design concept. -.

Select suitable thermal coatings, investigate applicable

thermal insulations.

Based on specs and initial analysis of existing design,

make recommendations to finalize design concept.

Provide liaison to LEC/HASD design engineering throughout

the entire design phase.

Perform thermal analysis of final thermal design and write

report on results.

I.

26
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INTERDEPARTMEITAL COMMUNICATION

B. C. Hall ooG.u6 733-10 zON, {3eta FAC. i-IASD '11-12-70
EPS-5

DEPT./~ ILO.- PLANT/ EXT.
D. tL. Vincent o0o.bGN673-1 10 zoN'eBeta fAC. HASD 481

ECTs Hermetic Sealing of EPS

It his been suggested that the EPS experiment be a completely
hermetically sealed unit, so that it will not require documen-
tation covering non-metallic materials, flammability, outgassing
constituents, etc.

It is felt that this is a rather expensive wav to avoid some
:documentation requirements. To design on the basis of a com-
pletely hermetically sealed unit will involve impact to the EPS
program in several areas, such as:

--a. Invalidation of all previous design concepts studied.

b. Need.for investigation into suitable sealing techniques
and seal testing that was not included in the original
proposal. The difficulty of sealing for a five year
period (one year operational) has not yet been estab-
lished, but true hermetic sealing is both costly and
time consuming to design and produce.

c. Invalidation of all preliminary thermal analysis under-
taken by L14SC.

-d. Elimination of multilayer insulation as a possible
insulation technique. This material is only satisfactory
under vacuum conditions.

e. Weight - the casing would now have to withstand a differ-
ential pressure of 15 psi. This would possibly lead to
an increase in weight.

f. Additional machining for seal(s) and sealing bolts would
involve additional costs, as would the seal itself.
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g. If permanent (solder, welding) sealing techniques are
used, then increased difficulty of access to internal
structure and circuitry would seriously hamper rewvork
if and when required.

While the above may not be exhaustive, it gives a measure of
the impact associated with this decision. In contrast to this,
it is felt that if the materials used in the construction of
the EPS are selected from materials already approved for use
in the Apollo program (ref. 1, 2 and 3), much of the documen-
tation and testing is already covered..

Experience has shown that the outgassing from the average
experiment electronics is not excessive, where care has been
exercised in the selection of materials used. Also, even when
no attempt has been made to stabilize materials such as potting
compounds, encapsulations and conformal coatings - sources of
the major portion of the outgassing - the outgassing tends to
stabilize itself in a .short period of time. Should certain
materials required to be used be a cause of excessive outgas-
sing, it would probably be more economic to provide individual
sealed containers at a component or subassembly level rather
than at the generalassembly level.

Finally, the EPS experiment will probably be a very small
source of outgassing compared to that from the spacecraft
itself.

Determination of whether the design should provide total her-
metic sealing unit must be made -very soon to avoid major
schedule impact to the EPS project.

Reference: 1. Grumman document LIS-360-22101
2. North Americal document M1C 999-0058
3. Bendix document ATMI 242.

i;

D. L. Vincent

cc: B. E. Curtsinger
R. S. Lindsev
R. P. Dunn
P. Gleeson
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INTERDEPARTMENTAL COMM.1UNICATIOIN

TO D. L. Vincent
R. P. Dunn

FROM
B. C. Hall

DEPT./ 673-10 EtOr Mjdeta LNTIHASD *ATf 11- 17-70
O- O. zON6 .

EPS-11

DEPT./ PLANT/ NTXT.
OtGH. 6 7 3 - 1 0ZON Beta fAC. )HASD 422

suBJEcr, Elecron-Proton Spectrometer Thermal/Packaging Design

In order to achieve maximum progress in the thermal/packaging
design of the EPS instrument, the following requirements will
be considered firm and will be utilized until further notice.

1. Temperature Range, External: -1800 F to +277°F

2. Temperature Range, Internal: Design goals

Instrument '

I .- . Detectors
Electronics

Subassemblyy Operate Mode

0 + 25°C
25"C + 25°C

Standby Mode

-50°C to +35°C
-25°C to +70°C

3. Mounting Location - MDA

4. Instrument will be thermally isolated from vehicle skin.

5. Weight: 15 lbs.

6. Vacuum seal - Not mandatory, design for thermally conductive
paths from electronic components to a common heat sink using
suitable encapsulating techniques.

7. Power: Electronics - 12 watts
Heater - 3 watts

8. Detectors: Will be hermetically sealed in TO-5 transistor
package.

9. Packaging:

a. Analog electronics - use PC boards.

b. Digital and power electronics - use welded cordwood
modular techniques.

10. Information on other environmental requirements can be found
in MSC-01159 Rev. C "Flight Hardware Environmental Design
Requirements", dated Septermber 1, 1970.

-

Cc: B. E. Curtsinger

R. S. Lindsey B. C. Hall

29



INTERDEPARTMENTAL COMMUNICATION

,JO B. C. Hall o/G 673-10 ,T3eta ',c-/HASD DATE 12-16-70
Ref.: EPS-71

FROM D. L. Vincent DP,./6 73-10 lO.3-eta PA T/HASD EXT. 422
OQN. Z

SUBJECT: Thermally Conductive Substrates for Printed Circuit Boards
(Action Item 1, 12-14-70)

Investigation of thermally conductive substrates for printed
circuit boards indicates that apart from the conventional
glass-epoxy (a very poor thermal conductor) the choice resolves
itself into one between the pure oxide ceramics and aluminum
alloy.

-The International Electronic Research Corp. markets a "metal
core circuit board" consisting of an aluminum alloy (6061-T6)
core, an "Insulube 448" insulation and copper conductor. This
type of board is being used in many avionics applications (e.g.
by Lockheed in the S3A). Generally, such a board is capable
of providing five times the power dissipation of the glass-
epoxy equivalent board. When a board is attached to a good
"thermal ground", this power dissipation could rise to 12-15
times that of a glass-epoxy board.

National Beryllia Corp. are manufacturers of pure oxide ceramics,
including alumina and berryllia substrates. Their Cer-metrol
Division has the capacity to manufacture a complete "printed
circuit board".

The thermal conductivities of the substrates are:

Glass-Epoxy (G-10 Typical) .0026 -watts/cm-°C
Aluminum Alloy (6061-T6) 1.55 watts/cm-°C
Alumina (99.7% A1 2 03 ) .35 watts/cm-°C

Beryllia (Berlox K120) 2.08 watts/cm-°C

However, the thermal conductivity is not a very good comparison
of the relative efficiencies of the above materials as a thermally
conductive substrate. Aluminum alloy, being an electrical con-
ductor, needs a 4-5 mil insulating layer between it and the con-
ductor.
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A common concept for plates or sheets of material such as PC
boards is resistance per square, and comparing these materials
on this basis is a factual measure of their capabilities.
Assuming, for comparison, a 1/16 inch thick board

Glass-Epoxy 2860 °C/watt
Aluminum (6061-T6) 4.06 °C/watt
Alumina 17.98° C/watt
Berlox K.120 3.309°C/watt

It can be seen that either the metal core circuit board or
beryllia give the greatest improvement in heat dissipation over
glass-epoxy. However, the aluminum board may have undesirable
characteristics for use in some circuitry (such as capacitance
in the op. amp. for EPS).

Ball park figures for cost are:

Aluminum Alloy Board (MCCB)

$200 - $300 for prototype board (about 3-1/2"x 2-1/4"-75 holes)

$ 50 - $100 for quantities - 25 (delivery -10-12 weeks)

Beryllia

No cost figures available. Anticipate costs similar to
aluminum alloy board above. (delivery - 8-10 weeks)

There is obviously no problem mechanically in using MCCB's, and
preliminary calculations show that beryllia would be satisfactory.

D. L. Vincent

cc: Curtsinger
Dunn
Lindsey
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B. C. Hall . . 673-10.z~sBeta rit ASD 12-30-70
:. . .. -- - - -Ref: EPS-92

:··- . - -.- ,. ,: . , -; : . . - .. . .

:;. - :. - .

D.o L. Vincent ocK 673-l10.o. Beta 'HASD 422

:-UBJET' Interface'of EPS with CSM -

- The writer received a telephone call from North American Rockwell,
regarding interface information on mounting the EPS into the CSM.
Discussion took place on the thermal and structural conditions,
and they will be contacting B. E. Curtsinger and/or R. S. Lindsey

-to come to an agreement regarding the electrical interface. This
is important to them.

They provided some general information regarding the temperature
of. the spacecraft in the immediate area for mounting the EPS, and
the proposed concept for attaching us- to the spacecraft.

-Mr. Ed Schlessinger gave the following details.

-1.- - We will be mounted on the shadow side of the spacecraft,
though there exists the possibilitv that we may see the

2.-

'·.. '

sun for a short period of time in one particular attitude
of the spacecraft.

Temperatures of the access panel that we would be mounted
in place of are:

for varying B angle (angle between sun iine and orbit plane)

l angle Panel Temperature

- ' -73 1/20

-+73 1/20

· 00

-65°F

-800 F

Temperature will vary in a sinusoidal
fashion between -70°F and +250F.

-3. ·Within the spacecraft structure cavity the cavity wall
temperature will range from 0°F to +50 0F.
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Mr. Squigley gave the following structural information.

1. - We would be mounted on a flange on the access panel.

'2. The EPS top plate would be 1-1/2" - 2" above the panel.

3. The approximate dimensions of the cavity are 14-1/2" x
12-1/2" x 7-1/2" deep. A more up-to-date sketch of the

. proposed mounting and cavity will be transmitted to NAR's
Houston representative to pass on to us (it appears that
the cavity is not a full rectangular box).

The writer informed them that our envelope would be smaller than
the 12" x 10" that they had allowed for, and gave a provisional
size of 10"- 10-1/2" x 9" x 6" high (exclusive of the detectors).

It appears that there would be space to provide some thermal
insulation within the cavity should we find that we require it
to keep within our thermal parameters.

They had been given to understand that at least one of the detec-
tor shields was only about 2-3 mils thick, and were a little
concerned about the possible susceptibility to damage this would
mean. The writer advised them that the thinnest shields are
14 and 71 mils thick aluminum.

The writer also inquired about the type of mating connector
they might wish us to use, mentioning that we had planned to
use a connector of the type covered by a MISFC specification.
It would appear that they have some requirements regarding the
connector, and its location, but preferred to leave this until
they had spoken about the electrical interface.

Finally, it does not appear that they have been officially "turned
on" by NASA to mount us on the CSM as yet, but understand that
the official "turn-on" is "in the mill".

D. L. Vincent

cc: B. E. Curtsinger
R. P. Dunn
R. S. Lindsey
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INPTERDEPARTMAENTAL COMMUNICATIO N

To B. C. Hall stm./ 673-lOt10 tOD/ eta r^NT/HASD *ATE 1-13-71
Ref: EPS-104

i-

ra . ; 'B. E. Curtsinger Ot.! 673-10L.Betae PT/HASD O.- 422
D. L. Vincent

SU'JET,. Results of the EPS/CSM Interface Meeting Held at North American
Rockwell (NR) on 1-12-71

List of Attendees:

A. Farkas NASA/MSC
P. Liles NR/Downey
B. Curtsinger LEC
D. Vincent LEC
Various other NR personnel.

Results:

-After the North American Rockwell and Lockheed organizations and
the basic operation of the EPS had been discussed, the four instru-
ment to spacecraft interfaces were discussed in detail. These
four interfaces are:

A. Installation and Envelope
B. Electrical and Functional
C. Environmental
D. Ground/Bench Test Equipment

Each of these interfaces will require an Interface Control Docu-
"ment which will be, in effect, a contractual agreement between
NR and NASA/LEC.

Installation and Envelope:

LEC presented the drawing no. SMC39106411, "Outline Drawing - Electrc:
Proton Spectrometer" for discussion and review. This drawing de-
fines the overall size of the package and position and maximum pro-
jection of the detector housings. Despite the increase in size frco
the provisional size of 10" x 9" x 6" given approximately two weeks
ago to the present size of 10-1/2" x 9-1/4" x 6", North American
personnel were able to confirm that they can mount and install this
size package, and provided a sketch of the required hole pattern in
the mounting flange around the instrument.

35

Fom LAC 201



1-13-71
-- EPS-104
Page 2

The present maximun allowable weight of the instrument was given
(20 lbs), and it was indicated that while we anticipated that we
-would be a little below this, no firm estimate was available at
this date.

The type of connector mating with the spacecraft, and its position,
was discussed. Agreement was reached on a WME 414-0096-0053 connec-
tor for the instrument with the mating connector being ME 414-0095-
0061. North American said that these were available from Kierulf
Electronics in Los Angeles (telephone no. 213-685-5511). They
suggested contacting Miss Mildred Haller of that company. It may
be that Kierulf has some of these connectors in stock, though nor-
mal delivery is 4-5 weeks. Regarding the connector position, LEC
stated its preference for it to be at the bottom of the instrument,
close to one of the 9-1/4" sides and to one side of the centerline
of the instrument. North American needed to look into their
wiring and connector layouts more closely before they could give
a definite answer, but generally thought that this position would
be acceptable to them. Some questions were raised regarding the
projection of the connector below the base of the instrument.
LEC indicated that we had some leeway in this area and would
attempt to accommodate their needs as far as we could. NR will
send their suggested position for the connector and its projection
to A. Farkas (NASA/t4SC) by the end of the week.

Installation into the spacecraft was discussed generally, and apart
from some question of access to some components in the region of the
instrument, did not appear to present any problems. The need for a
handling container for the instrument and a protective shield for the
detector if installation takes place at KSC was discussed, but no
resolution was made.

All in all, the installation and envelope discussion was remarkably
free of any problem areas.

Electrical and Functional:

A proposal was made by LEC to include an Analog to Digital converter
in the EPS, thereby deleting the requirements for the two analog
channels and the 1 pps sync signal. NR was very agreeable to this
due to schedule and telemetry channel availability restrictions.
Therefore, for the remainder of the discussion, it was assumed that
an A/D converter would be included in the EPS.
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NR had performed tests to determine if the tape recorder/VCO
telemetry channel had sufficient bandwidth to accept a serial
-220 bit per second, bi-phase-level PCM signal. The results
of these tests indicated that this was acceptable. It is not
known, at this time, whether the existing Skylab ground tele-
metry stations will accept this signal.

'The power interface (including the uplink command control re-
quirement) was discussed and is agreeable to both groups.

North American Rockwell has a specification for RFI/EMI and
will include this document in the ICD. This specification has
not been reviewed for compatibility with existing requirements.

The availability of an EPS for spacecraft functional tests (on
6-21-71) was discussed. Mr. Farkas suggested that the Engineer-
ing Test Unit be used for these tests. It was pointed out by
LEC that the Engineering Test Unit will not have QA coverage
during fabrication, and this would probably prevent the unit
from being connected to the spacecraft. NR agreed. It was de-
cided that NASA and NR would resolve this problem.

Environmental:

This discussion centered around the Environmental ICD and its
format. The environmental requirements covered were:

1. Thermal
2. Shock and Vibration
3. Nuclear Radiation
4. Pressure
5. Magnetic Field
6. Other environmental factors.

These areas were discussed, primarily from the point of view of NR's
need-to-know in terms of integration into the spacecraft as a sys-
tem, and the EPS possible interaction with other instrumentation.

Thermal:

This covers surface materials and properties, thermal coating char-
acteristics, temperature control means, range and set points, ther-
mal analytical model, heat sources and/or sinks and conductance
values.
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:The primary need for control of this information is integration
.into the thermal engineering of the spacecraft plus the need
for knowledge of the type of materials and surface coatings that
would be handled on installation in the spacecraft. Most of
the information required could well be supplied by direct liaison
between E. Schlessinger (NR's Thermal Engineer) and Don Smith
(LMSC), particularly in the area of the analytical model (a very
simple model).

LEC raised the possible need to heat sink the experiment to the
spacecraft and possibly insulate the instrument from the cavity
within the spacecraft skin. There appears to be no problem in
this approach if needed.

From discussion of the Functional ICD, there is a need to define
any temperature requirements in terms of time also, as in two
modes of spacecraft operations, we could be on the sunward side
of the spacecraft. One of these is during the docking maneuver,
the other is during an "earth resources" mode.

Shock and Vibration:

NA will supply the shock and vibration levels at the mounting
surface of the instrument in the near future.

Nuclear Radiation:

It was accepted that we had no radiation source, and that we
measured electron and proton radiation levels. A statement to
this effect will be included.'

Pressure:

This covers any limitations on the instrument operation due to
gas release, RCS burns, etc. The primary effect would be slight
degradation of the thermal coating surfaces. LEC confirmed that
we would be looking at the instrument for the need to vent any
internal atmospheric pressure during the launch and orbit inser-
tion sequences.

Magnetic Fields:

This would cover transient magnetic fields, and LEC could give

no definite figures at this time.
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-Other Environmental Factors:

This would cover any other needs of the instrument not covered
elsewhere. At this time neither LEC nor NR had any items to
include under this heading. The question of accoustics was
raised by A. Farkas. NR replied that this was normally inclu-
ded in the vibration levels to the instrument.

Ground/Bench Test Equipment:

Since the EPS instruments are not to be installed on the Space-
craft at the North American plant at Downey, there is no re-
quirement for tests or equipment at that location. However,
NR strongly recommends that several tests be performed at Cape
Kennedy.

Immediately after the EPS arrives at KSC, the unit should be
subjected to a pre-installation test. This test would require
bench test equipment and QA coverage.

Since the time between installation of the instrument on the
spacecraft and launch could be as long as four months, NR
recommends that equipment be provided to allow for functional
tests of the EPS while installed on the CSM. This would re-
quire GSE and QA coverage.

Summary:

From the information obtained at this meeting, and from possible
phone conversations in the future, North American Rockwell will
prepare the ICD's for each interface. These will be sent to
NASA and LEC for concurrence before the final drafts are pre-
pared.

E. Cur singer

D. L. Vincent

cc: B. E. Cash
R. P. Dunn
C. L. Fletcher
P. Gleeson
R. B. Hendrix
R. S. Lindsey
T. D. Lyons
W. A. Oliveira
R. W. O'Neill
C. J. Spahn
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B. C. Hall OR,/G 673-10_lEtBeta PLANT/HASD DAT, 3-23-71COtG.Ref: E PS-17C.

Ref: EPS-174

FROM
D. L. Vincent DEPT. / PLANT'/ T

OtG,,. 673- 10"O% /B eta FAC. OION. ZO~lo,, FAC HASD . 422

Preliminary Results of Thermal Analysis

The advance results from LMSC regarding the temperatures of the
EPS show that these fall within the range of the packaging design
specification (EPS-19, Rev. B) provided.

Cold orbit temperatures were predicated on 15.9W (12.9W elec--
tronics power + 3.0W heater power) while hot orbit temperatures
are based on 12.9W electronics pow.er only. The experiment is
considered as mounted on the spacecraft structure via a glass-
-fiber mounting flange, or isolated in a manner to provide an
:equivalent thermal resistance at this point.

The specified temperature limits and the analysis results are
tabulated below.

Detectors Electronics

40

SUBJEcT:

Specified Limits -58°F to +320 F -130 F to +77°F
(-500 C to +0°C) (-250 C to +25°C)

Hot Orbit

Orbit Average +120 F +35°F
(-11.10 C) (+1.70 C)

Temperature Range +270 F to +1 0 F +370 F to +320°F
(-2.8°C to -17.20 C) (+2.8°C to +0°C)

Cold Orbit

Orbit Average -240 F +2 0 F
(-31.10 C) (-16.7°C)

Temperature Range -220 F to -260 F +1 0 F
(-300 C to -32.2°C) T+1/2°C)

. -_ _ 1 r 
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Detec tors Electronics

*Cold Orbit (18.95)

Orbit Average -120 F +120 F
(-24.4°C) (-11.1°C)

Temperature Range -100 F to -140 F +1°F
(-23.3°C to -25.6°C) T+1/2 0 C)

*Estimated temperatures based on 6 watts of heater power in
cold orbit.

An examination of these results shows that for the hot orbit,
the detector and electronics temperatures fluctuate more widely
than for the cold orbit. The detector temperature can rise to
within 5°F of the maximum specified temperature, whereas the
electronics are about 3°F above the mean (or nominal) specified
temperature. In the col:d orbit, the detectors are about 9°F
below the mean specified temperature and the electronics are
13°F above the minimum specified temperature. The electronics
temperature could be raised 10°F in the cold mode by the addi-
tion of an extra 3.0W of heater power, and this would raise the
detector temperature by about the same amount. Figure 1 shows
these results in a tabular form.

As a rough estimation of the thermal advantage of changing to a
glass-fiber mounting flange, it would require a total power con-
sumption 25.9W to maintain the cold mode temperatures at those
for 15.9W.

D. L. VTincent

cc: B. L. Cash
B. E. Curtsinger
R. P. Dunn
P. Gleesoh
R. B. Hendrix
R. S. Lindsey
C. J. Spahn

41

q



di 
.

.1 
.

U
-. 

0

00 
9

J'3 E
 2 I--

.
.

.. 
.

.

tO 
b-

v 
2T'~

, ) 

.

u.

U

J0

N; 
.

U
'

U
)

tIo0

42

-- 
E

 
.A

' 
P-:'T.'.i 

, .
-

, E
,: 

,.
=

 S
P

a
P

1

30-
-I* 

'30

.
.

7j

I 0. 
V

I
u,tEU

Li 

63
Id)

'1
A

~
~

~
~

 

0i wuU fiI 'n0-iU
L

7

I-.JtU9i.J

O
. C
)

f- 14:

0.uJ -
2511

[-'7

I

.0I]UIU u
IaI

I 0

' ;~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~P

w IP0

r-IulufI. -2'.,

': ;

L

.. 
--.

3
- 

· 
· 

·--

-S
o
5
 

---.

F CIG. 
.- 

O
F

;E
C

~
·'v

jc
. :

j
.~~~~~~ 
___ 

_ 
_.J___~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~I



T TD2'PAJQTM 4TAL COMtPMU?1CAT1OL4

C Hall
VBo C.o Hall

Dr"./ :to./e Ptas,

0"""673-10 7' Beta 1 
DATo

HASD 4-9-71
Ref: EPS-194

'loo D. L. Vincent v73-10 '4, B eta rAc. HASD 422

SUBJECrT Comments on the Thermal Design Analysis (TXA 50-131) from LMSC
- April 1,' 1971

An initial perusal of the above thermal design analysis report
has presented no surprises or major deviation from information
provided to the writer by D. H. Morton (LMSC) by phone.

Specific comments on the recoummended thermal design provisions
are as follows.

1. Thernnal control surfaces

-2. Electronics/Baseplate
Interface

The proposed use of the White
thermatrol paint and Mystic tDoe
had been made known to us, and
the design caters for this. D.
Mortcn-i has provided the writer
witJl LIMSC's Material Specifica-
tion, Process Bulletin and Process
Specification (for protection of
ther;:,.!l control surfaces) for
this material.

'ihe change from 1/16" thick x
20.10 sq. ins. to 1/8" thick
x 15.20 s:. ins. of fiberglass,
providing approximately a 20°F
increase in the electronics
sepr:rating temperature, was pro-
vided by 1). M.cLton and the neces-
sary details are in the process
of being modified. The proposal
for the connecting screws is
alre-.dy incorporated in the

d ~: S i .~~~~~~~~~~~~~~~~~~~~~~~~~~~~:?.

".. 
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3. EPS/Spacecraft Interface The proposal of a fiberglass
flange came from LEC (as an
alternative to a multitude of
spacers and a possible require-
ment for NAR to isolate the

. hold-down bolts from the space-
craft structure). The present
design incorporates this flange
and the conduction path length
is as recommended.

4. Heater Power Requirements This paragraph did contain infor-
mation not previously transmitted.
The writer had advised LMSC that
we monitored the temperatures,
but that there was no provision

- to turn the instrument off,
except through ground command.
Possibly, this can be loosely
interpreted as thermostatic con-
tro]. The recommended "turn-on"
temperatures for the heaters had
not been transmitted, and the
writi.: understands from B. Curt-
singer that the heater control
circuit is designed for "turn-on"
at O0C (320 F) and "turn-off" at
+10C (+50°F).

The request to examine the possibility of leaving the smallest
detector dome unpainted was made due to the required thickness
of the paint coating (4-6 mils). Discussion with B. Cash
indicated that this thickness of :aint on a dome of only 14
mils thickness would lead to either alteration of the energy.
levels measured by that detector o:- reduction of the required
thickness of the dome by some amount that would, of necessity,
have to await the results of test investication of the effect
of the paint coating. L.'C;C evaluated the thermal effect of
leaving this dome unpainted, with the result that the chanae
in temperature was insignificant. Therefore, the design does not
require this dome to be paintet.

Regarding the "stand-by" case (presumed to rpfject possible
rendezvous and dockinq situation I the report clearly indicates
that these are worst-case situations. And the final sentence
indicates that once again hA't .'.hs "ba '.'dz;el off" from their initial
input on the worst case. :Lar:irmter s ;-, t he rendezvous and docking
mode, which was in thet cr.:cr Lc n-Ot:,'nti I' 7-1fn days - with the
EPS facing the sun - Is a desiqn : ;?i remelnt!
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Comparing the temperature results with those given in
"Preliminary Results of Thermal Analysis" EPS-174 (3-23-71)
written prior, to the change in the electronics/baseplate
interface, we have:

Hot Orbit

Detectors: Orbit average and temperature range
remain the same.

Electronics: Orbit average 62 0 F (16.70 C)
Temperature range z ! 1°C

Cold Orbit (3W heater power)

Detectors: Orbit-average and temperature range
remain the same.

Electronics: Orbit average +17°F (-8.3°C)
Temperature range - 1/20 C

Cold Orbit (6W heater power)

Detectors: Orbit average and temperature range
remain the same.

Electronics: Orbit av'erage +37°F (+2.80 C)
Temperature Range ' 1/2°C

These results show that the alteration in the electronics/baseplate
interface has provided an increase in the electronics operating
temperatures without any significant chance in the equivalent
detector operating teimperatures. The only outstanding item in
the design (from a thermal standnolnt) is the determination of the
desired heater power. Thf.re is no obst..cle in the present design
to prevent the use of 3W or 6W, and as it seems to be desirable
that the electronics operate at as warm a temperature as possible
in the cold mode then, power allotment permitting-, the writer
suggests that we use G6W heater power.

-. L. Vincent

cc: B. L. Cash
B. E. Curtsinger
R. P. Dunn
P. (;leeson
R. B. Hendrix
R. S. Lindsey

C. J. Spahn
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INTERDEPARTMENTAL COMMUNICATION

V. B. E. Curtsinger':'~:11~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~.

fOM
D. L. Vincer

OGN. 6 673- 10ZONi Beta FAC. IIASD 4-15-71
Ref: EPS-200

DET' l.. - O eta NT/SD
nt ORCN. 673-10IoNE/Beta FAC. HASD ' 422

Su8JEct, Additional Thermal Analysis Results

At the time the thermal report was discussed, it was noticed
that two previous points raised had been omitted. These were:

a. What is the minimum temperature of the electronics with
all power off?

b. What is the minimum temperature of the electronics with
6W of heater power only? If this is below -500 C, what
is the minimum power requirement to maintain the elec-
tronics at or above -50°C?

The answer to these questions was given by LMSC as:

a. All power off:

b. 6W heater power only:

Electronics Temp -1000°F(-73.30 C)
Detector Temp -103°F (-750 C)

Electronics Temp -54°F (-47.8°C)
Detector Temp -71°F (-57.2°C)

As the 6W of heater power maintains the electronics at or
slightly above -500 C, no attempt was made to find the power
required to maintain the electronics at -500 C. Additional
information provided was the detector temperature in these
particular modes.

D. L. Vincent

cc: B.
B.
R.
P.
T.
R.
C.

C. Hall
L. Cash
P. Dunn
Gleeson
L. Knox
S. Lindsey
J. Spahn
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INTERDEPARTMENTAL COMMUNICATION

TO B. C, H-all FG/· 673-10:ZONE Beta fAcT/Il.lSD AT 2-8-7.
Ref: EPS-123

FROM D. L. Vincent D E673- 0 Ct'Beta ^. HASD 422

SUBJECI Random Vibration Criteria for EPS

The vibration criteria for the EPS when mounted into the CSM
fairing was received from Mr. A. Farkas (NASA/MSC) on 2-4-71.
This information had been provided by North American in a
telefax.

Review of the information led to an immediate query of the
very high power spectral density levels involved. Mr. Paul
Liles (NAR) confirmed the 6.0 g2/Hz level to Mr. Farkas, and
these levels were confirmed independently of NAR by Mr. Farkas.
These levels are apparently factual levels based on the moni-
tored results of two tests, and are applicable to the EPS for
any mounting position in the CSM fairing. Mr. Farkas states
that these levels would be the test levels for the EPS, though
the writer can find no indication in the telefax that these
are other than flight environment levels. If they are flight
levels or acceptance test levels, then the qualification test
levels would be significantly higher (e.g. 6 g 2 /Hz x 1.32 =
10.14 g2 /Hz). The question.of what levels we will be contrac-
tually obligated to test to needs some clarification.

It is obvious that these high levels will have an impact on
the design of the EPS. Not only is it necessary to re- -

examine the structural design in the light of the new cri-
teria, but it will also be necessary to investigate the inter-
nal packaging of all of the electronics in each slice. The
vibration spectrum has its peak power levels between 100 -
1000 Hz; the natural frequency of the EPS will be somewhere
between 100 - 350 Hz in all probability, as will that of the
majority of components. The peak power input bandwidth is
so wide that it is virtually impossible to design so that the
instrument will not have a resonant frequency in this range.
An investigation of the full impact of this to the packaging
design must be made, but has not yet been started. If the
writer had to hazard a guess, it would be that we will be
extremely lucky if we avoid having to modify the design
appreciably from its present size and weight.
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At this point, a review of the history of the vibration cri-
teria for the EPS is not amiss. Figure 1 shows the variety
of random vibration criteria that we have received as design
requirements.

The first was that contained in MSC-02814, Preliminary Require-
ments Review, Electron-Proton Spectrometer (11-6-70):

20 - 80 Hz @ 3 dB/Octave increase
Curve "A" Acceptance

( Test levels.
80 - 350 Hz @ .067 g

2
/Hz Test levels.

5 mins/axis

350.- 2000 Hz @ 3 dB/Octave Decrease

8.1 g r.m.s.

At this point in time, there was some uncertainty as to the
location of the experiment on the MIDA, and it was felt that
the above specification was a fairly low one to design to.
Therefore, the general specification for the MDA skin was
selected from MSC-01159, Rev. C, "Flight Hardware, Environ-
mental Design Requirements:

MDA Skin, Subzone 11-2

20 - 130 Hz @ .30 g 2 /llz

130 - 220 Hz @ -6 dB/Octave Curve "B"
1 min/axis

220 - 800 Hz @ .10 g2 /Hz

800 - 1400 Hz @ -12 dB/Octave

1400 - 2000 Hz @ .010 g2 /Hz

11.6 g r.m.s.

Detectors were vibration tested to these levels, and also the
levels for the OWS LH 2 cylinder tank general specifications,
subzone 4-3 (between 12-2-70 and 12-7-70 - see EPS 33 and 67).

20 Hz @ .010 g2 /Hz

20 - 90 Hz @ +12 dB/Octave
Curve "t C"

90 - 200 Hz @ 3.7 g 2 /Hz 1 min/axis

200 - 500 Hz @ -12 dB/Octave

500 - 2000 Hz @ .095 g?/Hz

29.1 g r.m.s.
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The detectors successfully completed testing to both these
levels. The OWS spectrum was run, as the workshop was being
considered as an alternative location for the EPS. However,
design was based on the MDA skin criteria, though it was
recognized that these levels might be increased a little,
dependent on the location of the experiment, so somewhat
larger factors of safety were used in the initial design than
would normally be called for to achieve an economical, light-
weight design.

On 12-16-70, an interface meeting was held between LEC, NASA
and Martin-Denver. At this time we were given a location on
the MDA - the L-Band Radiometer Truss - and its accompanying
vibration requirements.

20 - 183 Hz @ 1.0 g2 /Hz

183 - 554 Hz @ -12 dB/Octave
Curve "D"

554 - 750 Hz @ .012 g2 /Hz 1 mi/axis

750 - 1300 Hz @ -12 dB/Octave

1300 - 2000 Hz @ .0013 g 2 /IIz

15.1 g r.m.s.

Investigation indicated that our design could accomodate this
new criteria without significant impact on the detail design
(EPS)72), mainly due to the large factors of safety used -
as mentioned previously.

Approximately one week later, we were advised that the EPS
would not be mounted on the MDA! A possible alternative posi-
tion on the CSTI was mentioned, and this was welcomed as proba-
bly leading to a reduction in the vibration criteria. General
opinion was that the CSM vibration levels would be significantly
lower than for the MDA. Even at the interface meeting with
NAR, no mention was made of high vibration levels (EPS-104,
1-13-71).

-CSM

20 - 175 Hz @ +6 dB/Octave
Curve "E"

175 - 350 Hz @ 6.0 g2 /iHz .80 secs + 10 secs
@ 4 dB above nominal

350 - 2000 Hz @ -3 dB/Octave

. 85.99 g r.m.s.
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As can be seen from Curve "E", the power levels involved are
considerably higher than any previous specification given,
and certainly we have no large factors of safety now involved
to offset the impact on the design..

The environment of. this location on the CSM is not an ideal
one for a sensitive instrument, and will almost certainly have
an effect on our present design. Examination of the curves
shows that the CSIM·criteria is significantly greater than
the OWS spectrum to which we subjected the detectors (as a
"worst case" test), and it is interesting to note how the
vibration level requirements have increased steadily since
the project was first started. From the information that was
first provided for design, it would have been impossible to
forecast the levels now imposed.

D. L. Vincent

cc: B. E. Curtsinger
R. P. Dunn
P. Gleeson
R. B. Hendrix
R. S. Lindsey
C. J. Spahn
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INTERDEPARTMENTAL COMMUNICATION

DE"./ t~./ PLAN T/
Om.. 625-40Z~Os Beta ,AC. HASD

I ROM
D. L. Vincent

1-14-72

EPS-855

D PT. UOPLANT/ HAS ED-oRO. 625-40zomiBeta FAC. HASD 422

SU8JEcr EPS Baseplate: Qualification Model

An analysis of the baseplate under combined pressure and random
vibration was made ("Electron/Proton Sensor, Combined Pressure
and Random Vibration, 10/18/71; D.G. Probe") based on 'R' Axis
random vibration as specified in NAR's ICD.

It has now been proposed that the 'R' Axis random vibration
criteria be:

Max. q and lift-off simulation - 80 secs.

20 - 175 Hz
175 - 350 Hz
350 - 2000 Hz

+9 dB/oct increase
6.0 g 2 /Hz
-3 dB/oct decrease (70.5 g rms)

Transonic/Mach I Simulation - 10 secs

20 - 175 Hz
175 - 350 Hz
350 - 2000 Hz

+9 dB/oct increase
10.0 g2 /Hz
-3 dB/oct decrease (91.0 g rms)

It is therefore necessary to re-examine the integrity of the
baseplate when subjected to the proposed vibration levels

Vibration Test level achieved, 55 g rms in 'R' Axis
monitored response on baseplate = 143 g rms.

Hence, rms vibration of baseplate at new level:

= 143 x 1 = 236.6 g rms

and peak level (3a) will not exceed 3 x 236.6 = 709.8 g

From previous analysis:

Equiv. Unit Load @ 499.2 g = 4.78 lbs/sq. in.

Hence, Equiv. Unit Load @ 709.8 g -

709.8
4.78 x 499.82 = 6.8 lbs/sq. in.

71
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and moment factor (vibration)

6.8- 6.85 - 2.092
3.25

Again, from previous analysis, maximum pressure moment is
92 lbs-ins @ section 7.

Max. vibration moment = 92 x 2.092 = 192.46 lbs-ins
Section modulus, section 7 = .00977

Foy = 35,000 PSI
Qy

FoU = 42,000 PSIOu

f 192.46 = 19,699 PSIb .00977

F of SLim.
Lm .

= 35,000 = 1.78
19,699

M.S.Lim = +.78
Lim

F of S1- 42,000 1.42
Ult. 1.5 x 19,699 M. = +.42MUlt

The above values are based on vibration only, as when the base-
plate is subjected to qualification testing.

Consider with 3.25 PSI pressure added, then:

192.46 + 92
fb = .00977

= 29 ,116 PSI

F of SLim = 35,000 1.20
.Lim 29,116

42,000
F of SUlt 1.5 x 29116

M.S.Lim +.20

M.S -.04Ult
= .96

These figures indicate that the baseplate is marginal when
subjected to the proposed peak vibration and pressure levels,
but appears to present no problems if subjected to the
vibration levels only.

The preceding is a somewhat conservative analysis, as was the
analysis previously prepared. The notes on P. 15 of D. G.
Probe's analysis apply here also.

The calculations show that the baseplate will meet the new
vibration levels in qualification testing, if imposed. However,
there is no real margin of safety for the combined pressure and
vibration condition. Considering the increase in the vibration
level, this is not surprising.

Failure of the baseplate, should it occur, would not be dramatic,
but would probably consist of some cracking in the region of
section 4 and/or 7.
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INTERDEPARTtENTAL COMIAUNICATION

to B. C. Hall

R'(M D. L. Vincent

DPT./ 625-40 .,g:/BetaPtm/IHASD "t
0X4L ~ aceB or.C

. T./ 625-4./Beta 'T/ HASD. ,4. 625-4 =Y I B eta HASD "

Tr2-8-72
EPS-675

n422

sUBJEcr: Proposed Increase in Qualification Vibration Levels for
the EPS

It has been proposed to increase the EPS 'R' axis qualification
random vibration criteria from:

Max g and Lift-off Simulation

20 - 125 Hz @ 12 dB/Oct Increasing

125 - 500 Hz - 2.0 g2 /Hz

500'- 675 Hz - -9 dB/Oct

675 - 1100 Hz - .80 g 2 /Hz

1100 - 2000 Hz - -9 dB/Oct

80 seconds

(overall - 41 g rms)

Transonic/I4ACH

20 - 125 Hz

125 - 500 Hz

500 - 675 Hz

675 - 1100 Hz

1100 - 2000 Hz

1 Simulation 10 seconds

@ 12 dB/Octave increasing

- 5.0 g2 /Hz

- -9 dB/Octave

- 2.0 g2 /Hz

- -9 dB/Octave (overall = 64 g rms)

to the following levels:

Max. g and Lift-off Simulation

20 - 175 Hz - +9 dB/Octave

175 - 350 Hz - 6.0 g2 /Hz

350 - 200 Hz - -3 dB/Octave

Transonic/MACH 1 Simulation

20 - 175 Hz - +9 dB/Octave

175 - 350 Hz - 10.0 g /Hz

350 - 2000 Hz - -3 dB/Octave

80 seconds

(overall = 70.5 g rms)

10 seconds

(overall - 91.0 g rms)

Test time has not been changed.
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These new levels represent a considerable increase in the
vibration input to the EPS in the 'R' axis, which has always
been the most severe axis for vibration response.

The effect of the proposed levels on an EPS test unit was
considered in two ways:

1. Whlat increase in vibration response and stress levels
would be seen on the hard-mounted outer housing?

2. What increase in vibration input would the electronics
package receive from the vibration isolators?

From the EPS Structural Test Unit results, we know that the
baseplate is probably the most highly stressed part in the
unit. A prior stress analysis was undertaken to verify the
integrity of the baseplate under combined pressure and random
vibration. This analysis has been updated to reflect the
new vibration levels, and both are included as attachments
to this memo.

These analyses are hand calculated. A number of assumptions
have been made in them, and these assumptions probably err
on the side of conservatism in the approach, but not
necessarily so. It is usual in such cases to apply a factor
of safety to such hand-calculated results. No such factors
of safety have been used in the accompanying analyses.

The analysis of the baseplate shows that its integrity under
a combination 3.25 p.s.i. differential pressure and the
proposed transonic/Mach 1 simulation random vibration cannot
be verified. Stresses at several sections are too high, and
in one case we have a negative margin of safety occurring
on ultimate loading. While the stress levels would be about
30% lower for the random vibration criteria alone, no account
has.been taken of potential stress concentration areas - of
which the baseplate has several.

It should perhaps be mentioned that if the initial design and
stress check had been performed using the presently proposed
vibration criteria, the resulting baseplate would not be to
the present configuration. It would be stronger, stiffer
and probably 20 - 25 % heavier. -

Investigation of the response of the vibration isolators to
the proposed vibration levels gives a new input level of
6.75 g.rms compared to 6.1 g rms.for the old, and a deflection
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requirement of .127" compared to .115". These are based on
hand calculations by the writer.

Barry Controls, manufacturers of the vibration isolators,
-have carried out a computer analysis of the isolator response
to the new levels which confirms these hand calculations.

Obviously, the response levels of the electronics components
will increase over the response to the previous level, but
not excessively so and will probably not be critical.
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VIBPATION ISOLATOR RESPONSE

.(BARRY CONTROLS ANALYSIS)

'R' Axis

Max. g- and Lift-off.

3 Sigma

RMS (g' s)

12.10

(7.47)

23.20

(15.57)

3 Sigma

RMS Displ. (inches)

.084"

(.051)

.085"

(.059)

Transonic/4MACH 1

15.6

(11.79)

29.9

(24.63)

. 110"

(.0804)

.110"

(.0882)

Note: Values in parenthesis are for previous test criteria.
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EPS-592

REPORT: COMPARISON OF ACCELERATION LEVELS TO

OTHER DYNAMIC TEST LEVELS FOR THE

ELECTRON-PROTON SPECTROMETER

LEC Document Number EPS-592

Prepared

Approved

by C. _ _ _ _ _ _ _ _
D. L. Vincent
Mech. Engineer

by: ('
B. . Hall
Program Manager
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...._... EPS-592

COMPARISON OF ACCELERATION LEVELS TO OTHER

DYNAMIC TEST LEVELS FOR TIE ELECTRON-PROTON SPECTROMETER

Preface

At the Critical Design Review of the Electron-Proton Spectro-

meter (EPS) held 19th - 20th October 1971, the absence of any

acceleration testing for the EPS caused concern to some

participants. As a result of this conern, RID T-4 was

generated requiring that LEC do an analysis to verify the

integrity of the EPS to a 'qualification' level of accelera-

tion and compare this with other dynamic test levels. This

report has been written to comply with this requirement.

Introduction

The boost acceleration occurs only in the +X direction of

-the EPS and reaches a peak value of 4.9 g, hence an ultimate

'qualification' test level would be 4.9 x 1.5 = 7.35 g.

A 20 g, 11 millisecond terminal sawtooth basic design shock

and qualification level random vibration test has already

been carried out on the EPS Structural and Engineering Test

Units. The attached figure shows that, in the 'X' axis,

,both these tests expose the EPS to higher 'g'. levels than

the proposed acceleration level. Additionally, the response

of the EPS electronic package upon its vibration isolators

exceeds this proposed acceleration level between the range

of 30 - 80 cps.
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Consideration of the type of loading induced by each of

the test methods assists in an evaluation of the relative

severity of each of the tests. Acceleration will produce

in the EPS and its component parts a unidirectional steady

state load; failure will occur when this load exceeds the

ultimate load that the part can withstand. Shock also

produces an essentially unidirectional force, suddenly

applied and of short duration.. Shock induces loading which

has approximately twice the effect of the same 'g' loading

steadily applied. In this instance failure could occur at

a level substantially below that causing a failure in an

acceleration mode. Random vibration produces a continually

varying bi-directional force which produces an alternating

load of varying magnitude; failure can occur from overloading

the component or from fatigue. A component can fatigue at a

substantially lower loading than that required for failure

under steady state conditions.

Hence, it can be seen that for an equal load situation, both

vibration and shock are more severe than acceleration. On

this basis, an analysis was made of the stress levels induced

by the various test conditions in the leads of a typical EPS

component. The factors of safety for each test mode were then

compared.

Analysis

One of the largest and heaviest components in the EPS elec-

tronics package is the Kemet Capacitor, T210D156K075PS,

mounted on the input filter printed circuit board of the

filter module. This component is taken as being representative

of those components in the EPS electronics package.
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EPS-592

.350" Dia.
'R' Axis

j1
Direction of 'X' Axis

. - --

Force.

.025" Dia
I',

/'T' Axis Normal to

\Plane of Paper

Component Data:

Weight = 6.3 grams (.014 lbs)

Lead Material = Tinned Nickel Wire

Ultimate Tensile Strength = 70,000 lbs/sq. ins.

Yield Strength = 40,000 lbs/sq. ins.

Endurance Limit = 28,000 lbs/sq. ins.

3. 3
7TD 27r x .025 5 3

Lead Section Modulus, Z = 3 x 2 = .307 x 10 ins
32 32

(for two leads)

(for conservative analysis, the supporting effect of conformal

coating will be ignored.)

Acceleration

Acceleration force = 7.35 g

Induced load = 7.35 x .014 = .103 lbs

Bending moment on leads, M = .103 x .175 = .018 lbs - ins.
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EPS-592

M .018
Bending stress = .018

.307 x 10
= 5,863 ibs./sq. ins.

. .. ._

_ . U.T.S. 70,000Factor of Safety = Bending Stress 70000 =11.9Bending Stress 5,863

Random Vibration

R.M.S. input to electronics package = 4.46

Induced load = 4.46 x .014 = .062 lbs.

Bending moment on leads, M = .062 x .175 = .011 lbs-ins.

Bending stress =
.011 Oil

.307 x 10-5.307 x 10
= 3583 lbs/sq. ins.

Endurance Limit
Factor of Safety = Bending Stress

- 28,000 = 7.8
3,583

(The above is based on the rms level. At this level, 7.35 g will

be exceeded approximately 10% of the time.)

Shock

Shock input to electronics package = 24 g.

Induced load = 2 x 24 x .014 = .672 lbs.

Bending moment on leads, M = .672 x .175 = .118 lbs-ins.

Bending stress = .118 5 = 38,436 lbs-ins.
.307 x 10

U.T.S. 70,000Factor of Safety Bending Stress - 38,436 = 1.82Bending Stress 3,6
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EPS-592

Conclusions

It can be seen that both the random vibration and shock

requirements exceed the acceleration test level by a

considerable margin, even for the electronics package. The

factors of safety compared to the failure level are lower

for these two tests than for acceleration. It is therefore

considered that these two tests adequately validate the

ability of the EPS to meet the boost acceleration levels

and an acceleration environment of 7.35 g.
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EPS-670

STATEMENT OF WORP

BARRY VIB3RTION ISOLATORS FOR EPS

It is required that the vibration isolator design provided by

the Barry Division of Barry Wright Corp. to LEC Procurement

Specification EPS-356 be analyzed for the following proposed

change in the 'R' Axis Random Vibration Environment:

Max. g and Lift Off Simulation

20 - 175 Hz +9 dB/octave increase
2

175 - 350 Hz 6.0 g2/Hz

350 - 2000 Hlz -3 dB/octave decrease

duration - 80 seconds.

Transonic/.t1ACH 1 Simulation

20 - 175 Hz +9 dB/octave increase
2

175 - 350 Hz 10.0 g /Hz

350 - 2000 Hz -3 dB/octave decrease

duration - 10 seconds.

The analysis shall compare the 3 sigma rms acceleration and the

3 sigma rms deflection responses of the isolator for the above

vibration levels with those levels given for the 'R' axis in

EPS-356. Also investigate the possibility of the isolator

"Bottoming Out" under .the proposed vibration levels.

Additionally, provide an isolator response curve for the

transonic/MACH 1 simulation and advise whether any standing

wave effects can be anticipated.

.,-
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INTERDEPARTMENTAL COMMUNICATION

TO B. C. Hall -I 625-4 0"z %iBeta . HASD 3-21-72
EPS-722

,,O.WT . IX.

D. L. Vincent CN. 625-4 O'Beta P HASD 422

SUBJECT: Vibration Testing of the EPS Electronics

At the CDR a request for the acceptance testing of the EPS
electronics by random vibration without isol.ators was dis-
allowed. However, since that time, Boeing has taken over
the G. E. support contract in reliability, etc., and while
discussing the results of the qualification vibration testing
with their representative, Mr. Dick Lopez, it became increas-
ingly obvious that a move is afoot to have the EPS electronics
tested to an acceptance random vibration level without the
isolators, etc. Mr. A. J. Farkas is aware of this move.

It is presumed that such a test would be run to the levels
originally given, i.e. 20 - 80 Hz, +3 dB/oct.: 80 - 350 Hz,
.04 g 2 /Hz: 350 - 2000 Hz, -3 dB/oct., a composite level of
6.3 g rmns. However, the qualification unit would have to
be qualified at a higher level (.067g2 /Hz at 80 - 350 Hz)
giving a composite level of 9.8 g rms.

To perform such a test would require the manufacture of an
adapter for the vibration test fixture by BRN, and also a
solid adapter to replace the isolators on the mounting straps,
so that the electronics unit could be mounted to the fixture
for testing.

Some problems associated with such a test are:

1) The qualification test level is higher than that seen by
the electronics unit in response to the high energy level
in the full-blown qualification test.

2) The eccentric loading on the mounting straps will be
approximately 50% higher than they were designed for,
hence their integrity should be investigated.

3) With the unit hard mounted to the fixture, the trans-
missibility of the interface will change, and the response
of the electronics will be considerably higher compared
to when it is mounted on isolators. Additionally the
peak input will be at a much higher frequency than previously
experienced.

92

to-m tat 201



4) From 3), it follows that the electronics components would
experience random vibration levels well in excess of
:those they have experienced mounted on the isolators.

The above is written to provide some idea of the impact of
such a test, should a request to comply with such a require-
ment be forthcoming.

D. L. Vincent

cc: B. E. Curtsinger
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SUBJECT: Vibration Test Report (Interim) on Solid State Radia-

tion Inc's Lithium Ion Drift Detectors

Introduction:

Arrangements were made to subject the SSR detectors, of the type

to be used in the EPS experiment, to several random vibration

spectra representative of those given for the MDA and OWS in

document MSC-01159, Rev. C, "Flight Hardware Environmental Design

Requirements". Sample detectors were taken to Building-15, NASA/

MSC for testing on 12-2-70. The vibration spectra to be used.

were selected, in conjunction with Mr. A. Farkas (NASA/MSC), from

the above mentioned document. It was intended that if the detec-

tors survived these tests, the spectra would be increased in

severity until a failure occurred, in an attempt to determine a

maximum acceptable level of vibration.

Testing

The initial spectra selected are given in Appendix A. A diagram

of a typical detector is shown in Figure 1. Two detectors, one of

2 mm size cube and the other of 3 mm (Nos. 021 and 076 respectively)

were cemented with Eastman 910 adhesive to a test plate. The leads

from the header entered clearance holes in the plate. This plate

was then mounted to the shake table so that the detectors would

be vibrated in the X axis. The random vibration spectrum for

Zone 11 on the MDA was then run. After examining the detectors,

the test plate orientation was changed to the Y axis, and the test

repeated. Again the detectors were examined, and then the orien-

tation was changed to the Z axis and the test repeated. The

results of this series of tests are recorded at the end of this

report.

At this point in time, two more detectors were cemented to the test

plate, again one 2 mm and one 3 mm (Nos. 022 and 048 respectively).
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Difficulty was experienced in setting up the OWS spectrum on the

test equipment. Finally, the cause of the difficulty was isolated

to the cooling system for the equipment. This was apparently

running hot, causing the system to overheat and cut out. No

further testing could be undertaken that day (12-2-70).

The LEC engineer arrived at the test area at 9 A.M. on 12-3-70

to find that the test equipment was still out of commission. He

left his phone number, so that he could be advised when the test

could be recommenced.

Results

The results of the testing was as follows:

MDA Spectrum

Detector No.

-"X" Axis

"Y" Axis

"Z" Axis

021

No visible

damage

No visible

damage

No visible

damage

076

No visible

*damage

No visible

damage

No visible

damage
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.- ' APPENDIX A

RANDOM VIBRATION SPECTRA

(Extracted from MSC-01159, Rev. C)

MDA Spectrum

20 - 130 Hz @

130 - 220 Hz @

220 - 800 Hz @

800 - 1400 Hz @

1400 - 2000 Hz @

0.30 g /Hz

-6dB/Oct.

0.10 g /Hz

-12dB/Oct.

0.010 g2/Hz

1 min./axis

Composite = 11.6 g.rms

(The above is the High Level Random criteria for the MDA

Cylinder Skin - General Specification - Subzone 11-2).

OWS Spectrum

- -.- 20 Hz @

20 - 90 Hz @

90 - 200 Hz @

200 - 500 Hz @

500 - 2000 Hz @

0.010 g
2
/Hz

+12dB/Oct.

3.70 g /Hz

-12dB/Oct.

.095 g /Hz

1 min./axis

Composite = 29.1 g.rms

(The above is the Lift-off Random Vibration criteria for the

OWS LH2 Cylinder Tank Section, Stations 2970 to 3100, General

Specification - Subzone 4-3.)

NOTE: The above criteria were selected, lacking any additional

information, as representing the severest vibration in

their respective areas. No information was available

regarding Zone 1 on the OWS.
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REPORT ON ACTION ITEMS
(Memo, B. C. Hall to D. L. Vincent, 12-1-70)

This report contains the response to actions items 1 and 2 con-

tained in the above memo.

Item 1

A comparison of the various environmental requirements imposed on

the EPS by .reason of being mounted on the Skylab Multiple Docking

Adapter (MDA) or the Orbital Workshop (OWS) zone 1 was made,

together with those presumed to be imposed at the Preliminary

Requirements Review (Nov. 6, 1970).

The results of this comparison are tabulated below:

Preliminary
Requirements OWS

Environment Review (1) MDA (Zone 1)

Temperature (OF) -60 to +195 -180 to +277 -200 to +300

-3 -8
Pressure-Launch & Ascent --- 1086 to 10 (2) 760 to 10 8j2)
(mm.Hz) Orbit --- 10-8 10-8

Humidity (%RH) --- 0 to 45% 0 to 100%

Acceleration --- 4.7g fit. axis 4.7g fit. axiso
2.0g lateral 2.0g lateral

Vibration (3) (3) (3)

Shock --- (4) N/A

E.M. I --- ED-2002-1032 SM-56669

Meteoroid Notes --- IDENTIAL

Radiation --- IDENTICAL
Light
Atmospheric Comp.
Air Movement__ 

Acoustic Noise --- (5) (5)

Contaminants --- OVERBOARD DUMP MATERIAL i
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Notes:

1. Environmental acceptance test ground rules (Enclosure 2).

2. In 7 mins. max. decompression rate = 6 psi/min.

3. See Appendix "A".

4. See Appendix "B".

5. See Appendix "C".

It can be seen that the temperature limits on the OWS are slightly

wider than for the MDA, but it is not felt that these are enough

to make a significant difference.

-During the launch and ascent stage, the pressure environment is

initially lower on the OWS than the MDA - 1 atmosphere as opposed

'to 1.4 atmospheres. The OWS will see the full range of relative

-humidity, whereas the MDA only reaches 45% R.H.

-For vibration, there is a significant difference. The OWS will

give appreciably higher levels of vibration than the MDA, approxi-

.mately three times the magnitude, and this may well be more severe

than we can design for within the maximum allocated weight. There

-appears to be no significant difference between the two locations

-regarding acoustic noise.

At this moment, we have no information available on either of the

E.M.I. documents to determine if there is any significant differ-

ence in their requirements.

Acceleration, meteoroid notes, radiation, light, atmospheric com-

position, air movement and contaminants criteria are the same for

both MDA and OWS.

To sum up, the present design of the EPS would conform to all the

environmental requirements with the exception of vibration and pos-

sibly shock. Assuming the vibration in zone 1 to be at least as

severe as zone 4-3, then it is considered that it would be extremely

difficult to design to meet this level of vibration within the

present maximum weight allocation.
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Item 2

The EPS is being presently designed to the temperature, pressure,

acceleration and vibration requirements for mounting on the MDA.

The vibration levels used are those for zone 11-2, being the

most severe conditions.

For shock we are designing to a 20g shock for total of 11 mseconds

duration.

An attempt is being made to determine the maximum vibration level

that the SSR detectors can stand, and a test report on the testing

conducted to date is included. This testing is incomplete, but

it is anticipated that it will recommence at 10 A.M. on 12-7-70.

It is not anticipated that there will be any failure of the detec-

tors, however, as their mass is extremely small. They would there-

fore require extremely high g levels to cause a bond failure or

failure of the connection wires.

SSR have tested slightly larger detectors up to 100g. at 2000 Hz.

They agree that the normal failure mode would be for the detector

cube bond to the substrate to fail.

D. L. Vincent
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'Appendix "A"

Vibration Criteria

PRR

20 -- 80 Hz @ +3dB/Oct.

30 - 350 Hz @ 0.04g2 /Hz

350 - 2000 Hz @ -3dB/Oct.

Acceptance levels

1 min/axis min.

5 min/axis max.

(This random vibration spectrum is the only vibration

criteria given in the PRR.)

MDA

Several spectra are given for different zones of the MDA. If we

consider random vibration as probably being more severe that the

sinusoidal inputs, the worst spectrum appears to be at zone 11-2,

MDA Cylinder Skin, High Level Random Criteria.

20 -

-- 130-

220 -

800 -

1400 -

130 g2/Hz

220 Hz @ -6dB/Oct.

800 Hz @ 0.10 g2/Hz

1400 Hz @ -12dB/Oct.

2000 Hz @ 0.0lOg2/Hz.

1 min/axis

Composite 116. g.r.m.s.

OWS

No vibration data for zone 1 on the OWS were available in DMSC-

01159 Rev. c, but comparison of the levels given for zone 4 shows

that it can be expected that the levels could be as much as three

time higher than for the most severe MDA environment.
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Appendix "B"

Shock Criteria

OWS

According to MSC-01159, Rev. C, shock requirements are not appli-

cable to the OWS, with the exception of the normal MIL-STD-461

and 462 for transportation, storage and handling requirements.

MDA

As can be seen from the criteria below, the shock will vary depen-

ding upon the location of the EPS in relation to the docking post

ring, reducing in severity as the distance from the ring increases.

Distance from
Nearest Docking
Port Ring in Inches

0 - 12"

13 - 49"

50 - 190"

Shock Spectrum

12.5 -
20 -

1600 -
5000 -

12.5 -
20 -

1600 -
5000 -

12.5 -
20 -

1600 -
5000 -

Greater
than 190"

12.5 -
20 -

1600 -
5000 -

20
1600
5000

10000
10000

20
1600
5000

10000
10000

20
1600
5000
10000
10000

20
1600
5000
10000
10000

Hz
Hz
Hz
Hz
Hz

Hz
Hz
Hz
Hz
Hz

Hz
Hz
Hz
Hz
Hz

Hz
Hz
Hz
Hz
Hz

@ 5.0 G's peak
@ +9 dB/oct
@ 3000 G's peak
@ -4 dB/oct
@ 1900 G's peak

@ 5.0 G's peak
@ 8 dB/oct
@ 1500 G's peak
@ 4 dB/oct
@ 950 G's peak

@ 5.0 G's peak
@ +6 dB/oct
@ 380 G's peak
@ -4 dB/oct
@ 240 G's peak

@ 5.0 G's peak
@ +4 dB/oct
@ 90 G's peak
@ -4 dB/oct
@ 57 G's peak

Present Contractual Design Criteria

MIL-STD 810B Method III, 20G for 11 msec duration.
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Appendix "C"

Acoustic Noise Criteria

MDA

Geometric
Frequency

5'. 0
6.3
8.0

10.0
12.5
16.0
20.0
25.0
31.5
40.0
50.0
63.0
80.0
100.0
125.0
160.0
200.0
250.0
315.0
400.0
500.0
630.0
800.0

1,000.0
1,250.0
1,600.0
2,000.0
2,500.0
3,150.0
4,000.0
5,000.0
6,300.0
8,000.0

10,000.0

Mean
(Hz) Lift-Off

110.0
111.5
113.0
115.0
117.0
118.5
121.0
123.0
124.5
127. 0
128.-5
131-.0
133-.0
133.0
133.0
132. 0
131.0
130.5
129.5
128.5
127.5
126.5
125.0
124.0
123.0
121.5
120.0
119.0
117.0
116.0
113.0
110.0
109.0
107.0

Boundary
Layer

110..0.
112.0
113.5
115.0
116.5
118.5
120.0
123.0
125.5
127.0
128.5
130.0
131.0
131.5
132.0
132.0
131.5
131.0
129.0
128.0
127.0
126.0
124.0
123.0
122.0
121.0
120.0
119.0
116.5
113.0
109.5
106.0
103.0
100.0

Overall SPL

Duration

142.5

30.0

141.5

i20.0
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Appendix "C"
Continued

OWS

'Geometric Mean
Frequency (Hz)

5.0
6.3
8.0

10.0
12.5
16.0
20.0
25.0
31.5
40.0
50.0
63.0
80.0

100.0
125.0
160.0
200.0
250.0
315.0
400.0
500.0
630.0
800.0

1,000.0
1,250.0
1,600.0
2,000.0
2,500.0
3,150.0
4,000.0
5,000.0
6,300.0
8,000.0

10,000.0

Overall SPL

Duration (Sec)'

Boundary
Lift-Off Layer

124.0 128.5
126.0 129.0
128.0 130.0
130..0 130.5
132.0 131.0
134.-0 132.0
136.0 132.5
138.0 133.0
140.0 134.0
142.0 134.5
143.5 135.0
144.5 136.0
145.0 136.5
145.0 137.0
145.0 138.0
145.0 138.5
144.5 .139.5
144.0 140.0
143.5 140.5
143.0 141.0
142.0 141.5
141.5 142.0
140.5 142.5
140.0 142.0-
139.0 141.0
138.0 140.5
136.5 139.5
135.5 138.5
134.0 138.0
132.0 137.0
130.5 136.0
129.0 135.0
127.5 134.0
126.0 133.0

156.0

30.0

153.5

120.0
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3.2.1.1.4 Electrical

The following are documents applicable to the assessment of

the electrical requirements of the EPS.

Subject Title - Page

EPS Pulse Amplifier Specification (EPS-3) 111

Study of the EPS Preamplifier-Amplifier Time 115

Response when Excited by a Rectangular Pulse

of Varying Width and Constant Area (EPS-140)

EPS Post-Amplifier Time Constant and Gain Cal- 122

culations (EPS-138)

EPS Heater Circuit .- -------- 127

Analog Section Specifications 128

Unipolar and Bipolar Pulse Shaping Techniques: 131

An Evaluation (EPS-65)

.Pole-Zero Cancellation at the Output of the 71

Charge Sensitive Preamplifier (EPS-70)

Selection of Time Constants for Accelerator 138

Testing (EPS-199)

Summary of Power System Performance During 139

the EPS Engineering Test Unit Thermal-

Vacuum Testing (EPS-376)

Power Dissipation in Data Processor Modules 144

(EPS-198)
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Subject Title

Parts List Changes for the Dual Differential

Pulse Height Discriminator (EPS-197)

-Part Value Changes for R2, R5(7), R5(9), R7(8),

R7(9), R7(10) , R8(7) , R8(9), R10(8), R10(9),

R10(10) and R13 of the Dual Differential Pulse

Height Discriminator (EPS-90)

Experimental Verification of EPS Analog Design

Before Manufacturing Release (EPS-85)

Selection of EPS Post-Amplifier Time Constants

(EPS-89)

Selection of EPS Post-Amplifier Time Constants

(EPS-86)

EPS Amplifier: An Analysis of

tion and the Optimization of

(EPS-103)

the Filter Configura-

Signal Shapes

EPS Housekeeping Specification (EPS-40)

.110
q~

Page

145

146

147

149

150

156:

174
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EPS-3
12-10-70

EPS PULSE AMPLIFIER SPECIFICATIONS

1. Preamplifier

A. Charge Gain: 29.6 + 0.15'- ' 'mev

B. Gain Stability

1. Temperature Stability: 0.02%/°C

2. Stability as a function of supply voltage variation:
<0.5% for + 1.5 volt change in either or both power
supplies.

C. Resolution (measured using a TC 202 at 0.53 ,;sec,-bipolar):

Input Capacitance (pf)

0 10 20 30 40 50

Resolution <1.0 Kev<10 Kevl<l0 Kev<l10 Kev<10 Kev 1<10 Kev

Output Rise Time

Input Capacitance (pf)
0 10 20 30 40 50

Rise Time 1<50nsecl--50nsecl<50nsec[<50nsec!_<50nsecI <50nsec

E. Output Decal Time Constant: 150.0 + 1.6;isec

F. Integral Nonlinearity: 0.07% ('Vi) a = 7 INL
V
max

G. Detector Bias Polarity and Range: 0 to +500 VDC

H. Test Input

1. Resistance: 49.9 + 0.5'

2. Capacitance: 1.0 + 0.1 pf

I. Permissable Load: 4993.

J. Power Dissipation: 13.3 ma @ +8 VDC = 107 mw
131 mw

3.0 ma @ =8 V\DC"= 24 mn

111

D.

. . I . I



EPS PULSE AMPLIFIER SPECIFICATIONS
November 4, 1970
Page 2

II. Pulse Amplifier

A. Pulse Gain: 41.6 + 2

B. Gain Stability

. l.- Temperature Stability: 0.01%/°C 

2. Stability as a function of supply voltage variation.

C. Linear Range: 0 to +5.0 VDC

D. Integral Nonlinearity: 0.07%

E. Input Polarity: Positive

F. Output Polarity: Positive

G. Preamplifier-Amplifier Calibration: +5V = 10 mev

H. Pulse Shapinc; Time Constant: 150 nsec - 500 nsec

I. Pole-Zero Cancellation: Adjustable from 50 isec to 100 isec.

J. Overload Recovery: Recovers from X10 overload in <2 NON
overloaded pulse widths.

K. Output Noise: <1.0 mv (FWt1{) for no input (21.7 Revolts
refered to input).

L. Average Baseline Shift with Counting Rage: < -SMIV7

M. Baseline Stability

1. Quiescent Value: 0.0 + 5.0 mv

2. Temperature Stability: 50 uv/°C

N. Output Coupling: Direct

O. Permissable Load: 1 Kf 

P. Power Consumption: @ +8 VDC
@ -8 VDC

112
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EPS PULSE AMPLIFIER SPECIFICATIOINS.
;'ovember 4, 1970
0'age 3

Dual Pulse Height Distriminator

A. Input Signal Pulse Height Range: 0to +5

,B. Input Impedance: 4 KQ

C. Input Coupling: Direct

D.: Pulse Pair Time Resolution: <100 nsec

E. Stability of Discriminator Level

1. Temperature Stability: <0.01%/°C

2. Stability as a function of supply volt

F. Output Logic Signal Shape

1. Width: Variable

2. Height and Polarity: +2.4 V to 0.8 V

3. Drive Capability: 10 TTL Loads

G. Power Consumption: @ +5 VDC.

@ -5 VDC

@ -8 VDC

cVDC

tage variation.

Prescaler

- A. Scale Factor: 4

B. Coupling: Direct

C. Drive Requirements:

1. Logic "1" Minimum: +2.4V @ +50 'lamp

2. Logic "O" Maximum: +0.6V @ -2.0 Mamp

D. Minimum Toggle Frequency: 25 MHz

113
%~
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EPS PULSE AMPLIFIER SPECIFICATIONS
November 4, 1970
lage 4

E. Output

1. Logic "'1" Minimum: +2.4V @ 1.0 Mamp

2. Logic "0" Maximum: +0'. 4V @ 2.0 Mamp

3. Rise Time Constant/Fall Time Constant:

F. Power Consumption: 52 Mamp @ +5 VDC

114
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STUDY OF THE EPS
TIME RESPONSE WHEN
PULSE OF VARYING

PREAMPLIFIER-AMPLIF IER
EXCITED BY A RECTANGULAR
WIDTH AND CONSTANT AREA

EPS-140

W. A. Oliveira

f(t)

H

0 t

Figure 1

f(t) can be represented as a combination of step functions:

f(t) = H[u(t) - u(t - a)] 

The objective then is to obtain the output response of the

preamplifier-amplifier system when f(t) as given by (1) is

applied to the preamplifier input.

,115
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EPS-140

It is hoped that this function would represent the output

current of a semiconductor nuclear particle detector, allow-

ing for the different charge collection times which are a

function of the detector thickness and reverse bias voltage.

The output response can be obtained with the aid of 'the sys-

tem's impulse response, which has already been derived and

presented in a previous report, EPS-103. This function is

given by:

K -t/T 2 1 3
h(t) - et/T t 2 t) (2)

With the knowledge of f(t) and h(t), at least two different

-approaches can be used to derive the system's output response

to f(t); 1) by using the convolution integral with f(t) and

h(t) and 2) by using Laplace Transform techniques.

Just as an excercise and also as a check of the final result,

let us derive the system's output response by using approach

1 and then approach 2.

Approach 1: Convolution Integral

In the field of linear systems analysis, there is a very use-

ful theorem which states that the response of a system to- a

function f(t) is equal to the convolution of f(t) with the

system's impulse response h(t). Thus, let y(t) be the desired

response. The convolution integral is given by:

OD

y(t) =0 f(t - X) x h(X) d (3

1-16
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where X is the new integrating variable. 

'Recalling expression (1) and substituting the variable t by

t-X yields:

f(t - X) = HU (t - X) - HU It - - a]

Recalling expression (2) and substituting t by X yields:

K -X/T (2 '1 3)
hX () a (e (X -

Substituting (4) and (5) into '(3) yields:

rt
y(t) = 

- 0

UK e--X/( (-2 '1 3) d
[HU(t - X) - HU (t - X - a] x e dX32 3X - ; )d (6)

-by multiplying the integrand andobserving the limits of inte-

gration, one has:

K.x H f -/T2 '1 3
yt -' -- 0 U (t - X) e (X2 - X )dX2 0 3-c-

'(7)

=.X" H Jt U(t - X/T (2 _ 1 3)d

2 U(t- - a)e (X )dX2 f 0 -5 ~~~~T. )d

y(t) = K2-

2xj

ta

0

2 - X/,r , 'l 3e-t/TdU(t-X)X e - U(t-) d
3 f

(t0 0|
2 e- X/ -

d k '' " ' t-a3 -/-L
(t-X-a)X e -A/Td X Lf

.T U0
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The integrals can be evaluated by making use of the

*formulation:

.e Xdf ma a aa

following

(9)

from which one derives:

XeaXdX e
'
aX

-eaXdX =e2 (ay-l)
a

(10)

The first term in expression (8) becomes:

t

0t 2-/TdT t21 t
-

/
u (t-'t) X2e

-

X/TX= ek/ 2 -t/= e Td
0 1 (-i) -0
T

(11)

-F1 -e T1
=jTX2 e

'
- 2-r3e 

, 3

The second term of (8) yields:

-1X 3 eT " -3 T t1 [
t
X e) 2

-1 U(t t-l) e dX= -0- (_-----
T 

= 1

13-r 3 7 X -1- X[ e Ie+3T (-.rX2e 
3e

_, -
1 1 1 tX X~~~__ _1 3 r 2 23 -T3 T

-e + TX e + 2T Xe + 22 e

0

,-118
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By analogy with expressions (11) and (12) the third and fourth

terms of expression (8) become:

ta
f-- a U(t - X - a)

O . .,

2 *yr
.e dX=

(13)

2 . .2. . ._./ i (.t-a)

= ( + 2TX + 2T
2

)
Te-., . . O~~~~~~

"+- X U(t - X - a) X3e T dX
0,t- 

(14)

1) 1X3 + TX2 + 2
2

X + 2)e

(- )[( Y

- (t-a)

_O

By grouping (11), (12, (13) and (14), one has:

F | K 2 T+ 2 T13 2 2y(t) = H - (X2 + 2TX + 2T )T + -? .. TX + 22 X +

+ ( 2- + 2-T ) +- 2 2T - 3 22 3

- or:

y(t) = K

t

13. 0
3?

1

1 3
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y(t a )K.tH 1 t3e I 1 (t- a) e '

y(t) K2 H t3t e X ea/T1

Kul -t (t -a) e a]

t -a ¥
y(t) =x-e t

(15)

Thus expression (15) represents the response of the EPS

preamplifier-amplifier system to an input signal function as

shown in Figure 1.

Since the input signal is supposed to maintain its area invar-

iant as the width a is made to change, expression (15) can

be modified to account for this condition:

y__) -Kx -
t

a
/

T

Y =KxA e T t- (t- a) 3 e L6a

where A is the area under the pulse.

Approach 2: Laplace Transform

Let us now try to arrive at expression (16) by using Laplace

Transform methods. The Laplace transform of Expression (1)

is given by:

F(s) =H x [ e

(16)

(17)

and for the system's impulse response one has:
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-t(s) = K x 1 4
(S + -)

Thus the response of the system to F(s) will be:

y(s ) = F(s) x H(s)

and by substitution:

( s ' )14S
(s + -)

T

or

r.. -as
y(s) =K x 14 14s+s

1 4 1 4
+' T)

Taking the inverse Laplace of both terrPs in (20), yields:

t (t-a)
y(t) K x H x t 3 e (t - a) eT

and by rearranging terms:

Y(t) -(t [3 -ae /T]
:y x e - (t- a)e

r~~t) -3! 
X 

t

and again making the substitution H gives:

-: KxA ,ytt T3 3 ·/i
.y(t) 3! x a Lt (t - a)e

Comparison between expressions (16) and (21) shows that both

approaches yielded the same result.
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EPS POST AMPLIFIER TIME CONSTANT

AND GAIN CALCULATIONS

EPS-138

The impulse response of the preamplifier-amplifier system has

been calculated and presented in a previous report, tEPS-103.

The expression representing the impulse response is given by:

Q 1h(t) 1 x t/T (t
2

1 3h(t) prmt- Q t
Cf R2 xC

2
3T

3 1

where the parameter values are defined in Figure 1 below.

,£f, C(3

- I-- I I- f -,

Figure 1

The common time-constant for both stages is given by:

= - R1R2C1C 2

In order to have the impulse response of the system in the

form of expression (1), certain relationships have to hold,

as detailed in Report # EPS-103. One of these relations is

that:

-122
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R 1 x R
R3 x C3 - R + R x C 2

, .. 1 2.

Another useful information from the same report is that the

system's impulse response as given by expression (1) achieves

its first maximum for a value of time given by:

t = 1.27 x T(peak)

Thus this maximum of h(t) can be obtained by substituting (4)

into (1):

h(t)max

(3)

(4)

= Q 1 1 -1.27T/t
C. x x x 1
R C 2 2 .CF R 2 2 2

1

[ (1. 27T) 2 3_ (1.27T) 3 ]
3x-r

= Q . I1 1 x 1-1.27
x x 2

31

x (1.27) 2T 2 [1 1.27 -

3

h(t)max
Q 1 2

= x 2 2x .1306 T
f R 3 2C1

(5)

In Expression (5) Q- is the peak amplitude of the signal

-coming from the preamplifier. Thus, by rearranging expression

(5), the peak gain of the-post amplifier becomes:

(t)ax .130 6 2

Q/Cf R 2 x T
3 1
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or: '1 .306 2
" T

- peak 2 2
R C

-:-a- 3 1 (6)

Another relationship which will be used here is also previously

derived in Report #EPS-103, and is given by:

R x T
R 1 (7)

2 2R 1 C 2 -T

In order to arrive at numerical values for the six time constant

determining parameters, R1 , R2 , R
3
, C1 , C

2
and C3, one has avail-

able equations (2), (3), (6) and (7). This situation enables

one to conveniently choose any two values among the original six

and then solve the available expressions for the remaining four

parameters.

At this point it is in order to present some clarifications

about the conditions that lead to the pulse gain-time constant

calculation results.

Firstly, the form of expression (1) is only valid if certain

constraints are imposed on the networks of both active filter

stages. These constraints are:

.1. The poles of the input and feedback' networks transadmit-

tances must coincide, and thus cancel each other. This

condition gives rise to expression (3).

2. The zeros of the feedback networks transadmittances for

both filters must be real and coincide with each other

(multiple poles in the transfer function).
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3. The input network of the first filter stage must have a

zero in its transfer function that coincides with the pole

of the signal function at the input (preamplifier output).

Secondly, these same conditions guarantee that the damping fac-

tor of the output response be equal to one, and as a consequence

no crossing of the baseline at the output of the first stage

should occur, and only one crossing at the output of the second

stage. In both cases, one achieves the fastest return to the

baseline.

Let us now elaborate a little more on equations (2), (3), (6)

and (7) in order to explicitly show the solutions for the para-

meters we are interested in finding numerical values.

From (6), solving for RI one has:

f. 1306 "
3 cl (8)

From (2), solving for R1 yields:
2

1 R 2 C 1 C 2 (9)

And by substituting the value of R
1

as given by (9) into equa-

tion (7) results:

R2 -C 2 - (10)
2 C1 2 C1C 

The solutions to equatior (10) are:

2 2

R2 = 1 - C1C2

R C / C
2 C 1 (11)

2
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Expression (11) tells us a few things: for C
2
greater than C

there will be two distinct values of R
2

(and consequently R1)

that will satisfy all the requirements. For C 2 equal to C1 ,

R 2 will be single valued:

R2 =R
1

= /C1 (12)
2 1/

For C 2 smaller than C1 , then no real value for R
2

(and R 1) will

exist that will satisfy the requirements. This means that R2

(and R1) would have to be impedances with both real and imagin-

ary parts. Of course, this third condition is of no practical

value for the sake of network simplicity.

Expression (3) can now be solved for C3 :

_ R 1 xR 2 1
C3 = R1 R2 

1 23
(13)
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ANALOG SECTION SPECIFICATIONS

I. Preamplifier 

A. Charge Gain: 12.0 M 0.25 MeV

1. Temperature Stability: 0.02%/°C

. 2. Stability as a function of supply voltage variation

C. Resolution (Measured using a TC202 at 0.57psec):

Input Capacitance (pf)

0 10 20 30 40 50

Resolution <lOkeV <lOkeV <1OkeV <10keV <10keV <!02kev

Output Rise Time:

Input Capacitance

0 10 20 30 40 50

Rise Time ~50NSec <50NSec <50NSec <50NSec <0NSec <50NSec

Output Delay Time Constant: 80.0 ± 1.6 pSec

Integral Nonlinearity = <0.07% (AVi)max
= INL

V max

Detector Bias Polarity and Range: 0 to +500 Vdc

Test Input

1. Resistance: 49.9 ± 0.5Q

2. Capacitance: 2.2 ± .05pf

Permissible Load: 4990

Power Dissipation: @ +8Vdc

@ -8Vdc

Pulse Amplifier

Pulse Gain: 41.6 ±2

128
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B. Gain Stability

1. Temperature Stability: 0.01%/°C

2. Stability as a function of Supply Voltage Var.

C. Linear Range: 0 to +5.0 Vdc

D. Integral Nonlinearity: < 0.07%.

E. Input Polarity: Positive

F. Output Polarity: Positive

G. Preamplifier - Amplifier Calibration: +5V = 10 MeV

H. Pulse Shaping: 150nsec - 500 nsec

I. Pole-Zero Cancellation: Adjustable from 50 psec to

100 psec

J. Overload Recovery: Recovers from X2 overload in < 2

non overloaded pulse widths

K. Output Noise: < 1.0 mV for no input

L. Average Baseline Shift with Counting Rate

M. Baseline Stability

1. Quiescent Value: 0.0 + 5.0 mV

2. Temperature Stability: 50 pv/°C

N. Output Coupling: Direct

O. -Permissible Load: 1KQ

P. Power Consumption: @ +8Vdc

@ -8Vdc

-129
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III. Dual Pulse Height Discriminator

A. Input Signal Pulse Height Range: 0 to +5 Vdc

B. Input Impedance: 2 4KQ

C. Input Coupling: Direct

D. Pulse Pair Time Resolution: < 100 nsec

E. Stability of Discriminator Level

1. Temperature Stability: < 0.01%/°C

2. Stability as a function of Supply Voltage Variations

F. Output Logic Signal Shape

1. Width: Variable

2. Height and Polarity: +2.4V to 0.8V

3. Drive Capability: 10 TTL Loads

G. Power Consumption @ +5Vdc

@ -5Vdc

@ -8Vdc

Prescaler

Scale Factor: 4

Coupling: Direct

Drive Requirements

1. Logic "1": +2.4Vdc

2. Logic "0":

130
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--, ' ' , - - Ref: EP c
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SRJrEcrT Unipolar and Bipolar Pulse Shaping' Techniques: An Evaluation

. An evaluation of bipolar and unipolar pulse shapina technique* v i Ad W r e sa sAc s'' ' 1- -,a~ _J

with emphasis on application in the EPS, was made. The advan-
tages and disadvantages for a two-integrator single-differentiator
system are outlined as follows.

Bpol- ar ' Unipolar

1. No baseline restorer
: ..required due to symmetry

of the pulses about the
baseline.

2. -Poorer pulse-to-noise
-ratio (than unipolar) in
a system with otherwise
identical components and

'-' ''inputs.

' 3. Longer shaping time
(than unipolar), which
decreases the maximum
count rate in otherwise

- equivalent systems.

1. Requires a baseline
restorer, which increases
the component count and
power by 50%.

2. Less amplifier gain and
bandwidth required for a
given time-constant than
required for bipolar.

3. Better pulse-to-noise
ratio than bipolar in
otherwnise identical sys-
tems.'

Breadboarding and testing has indicated that the disadvantages
of the bipolar system could be overcome by proper design. The
component count would be reduced, giving a bipolar system a
decided advantage, which has dictated its choice over the uni-
polar system. The decision to use bipolar shaping in the EPS
was made December 10, 1970.

Temperature Gain Stability Calculations

An IBM electronic circuit analysis program was run to evaluate
the effect of expected temperature sensitivities of the compo-
nents on the gain stability of the pulse amplifiers. A value

131
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Page 2

of + 0.8% was chosen to simulate the component variations with
temperature over the range from - 250°C to +250 C. This corres-
ponds to 50 parts per million per °C for the resistors and
100 parts per million per °C for the capacitors, giving a 0.75%
variation, which was rounded to 0.8% to simplify computations.
The peak voltage variation was 0.2% for unipolar and 0.07% for
bipolar.

The values took advantage of the inherent tracking of similar
resistors and capacitors, but the combinations were such that
maximum resistance was coupled with maximum capacitance and
minimum resistance was combined with minimum capacitance. Re-
sistance ratios, as well as capacitance ratios, were constant,
giving maximum time-constant changes over the temperature range.

.*. W. D'Neill
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.......- -. . . .POLE-ZERO CANCELLATION AT THE OUTPUT

OF THE CHARGE SENSITIVE PREAMPLIFIER

. · .

a newr beten h prapifi and p2o(t ) a f Ri/n oeCI

Due to input sensitivity considerations as well as to achieve high

resolution, the feedback network elements Rf and Cf are chosen

such that the product RfxC is much greater thanat the e duration of

the pulse carrying the energy-amplitude relationship at the output

of the shaping amplifier. Thus, it becomes necessary to interface

a network between the preamplifier and postamplifier in order to

shorten the pulse before amplification.

In order to achieve optimum overload recovery performance and for

better high count-rate response it is mandatory that the waveform

at the output of the pulse shortening network be morotonic decrea-

sing in nature, that is, no crossing of the baseline is allowed.

This requirement can be achieved by the use of the RC network at

the output of the CSA as shown in the figure above.

Suppose the CSA is excited by an impulse of current of charge Q.

The time domain output voltage is given by:

- 1
t

VO l (t ) - (1) 
7(
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Page 2

which in the frequency domain assumes the form:

0 11
V 01 (s) Q x

f S +
-. RfCf

Now, taking the transfer function

V 0 2 (s)

V01 (S)

1
S + R¢C1

i 1

1
(R1 //R2 ) C 1

of the R1R2 C 1 network one finds:

(3)

Mu:ltiplying (2) and (3) gives

V 0 2 (s) =

S + 1
RlC 1

S + (R //R )C

1 . Q
x xC

S + R.
RfCf

1
If the zero of V 0 2(s), R1 C is made numerically equal to the

1
pole of V 0 2 (s), RfCf ' then there is what is usually called a

pole-zero cancellation, and expression (4) becomes:

V0 2 (s) = QC x 1
0f s + (R //R2

1 2 1

(5)

which has the time domain expression given by

1
R 2 )

QV02 (t) = x e
Cf (6)

-134

(2)

(4)

A.



·-EPS-70

Page 3

Equation (6) shows that the voltage V0 2 (t) is a simple exponential

of time constant (R1 //R 2)C 1 . Since (R1 //R2 )C 1 can be made much

smaller than RfCf, the objective of shortening the pulse decay

has been achieved, without baseline crossing.

In order to have no baseline crossing, one must have perfect pole-

zero cancellation at all times. This means that R
1
C

1
= RfCf must

be true under all conditions.

PULSE PILE-UP AT THE OUTPUT OF THE POLE-ZERO CANCELLATION NETWORK

In order to find the instantaneous baseline fluctuations due to

pulse overlapping in high count-rate applications, Campbell's

theorem can be applied:

vO(rms) i. In v0 (t) 2dt (7)

where (vO(t) is given by equation (6).

Substituting vO(t) into (7) and evaluating the integral one finds:

-vO(rms) = [Q (R 1//R2)C ] (8)
f

POST-AMPLIFIER OUTPUT PILE-UP EFFECT

At the output of the two stage integrators with a unipolar pulse

having a certain amount of undershoot due to an imperfect pole-zero

cancellation of the preamplifier, the rms dispersion of the pulse

amplitude can be found by applying once more Campbell's theorem.

vO(rms) = 'n fIf (t ) (7).0
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where, in this case:

T. 1
s 1 - (9)f(t) = T e

s

and, T. = resolving time of the unipolar pulse main lobe

T = Time constant of the undershoot.

Substituting equation (9) into (7) one has:

T.
[vO(rms)] = 0.707 3 n T (10)REL T (

In equation (10) the following definitions apply:

[VO(rms)AB = [v(rms)]REL x Vpea (normal pulse) x 100%

T.
o- is the fractional undershoot.
T

s

nTj is the duty cycle at the shaping amp output.

As an example of what can be expected for the instantaneous base-

line fluctuations, consider the following practical parameters:

5
T = 1 psec, T = 50 psec, n = 2.5 x 10 cps.

Substituting these values into equation (10) yields:
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. [vO (rms) ]
REL =

.707 x 2.5 x 10+5 z

[vO (rms) ]REL 5%REL

T. 
Note that -- = = 2%

T 50
undershoot. This figure can be made smaller

by carefully adjusting the P-Z cancellation network.

I~ 137
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INTERDEPARTMENTAL COMMUNICATION

Distribution

FROIM R. S. Lindsey

DPY./ 673-10 wo.O/Beta Pt*AT/HASD DATs 4-15-71
CRON. ZONE FAC. Ref: EPS-199

PT-' 673-10el tm/Beta Au,/HASD m. 422
OPGH. ~O((I rrFC.

Selection'of Time Constants for Accelerator Testing

Six EPS post amplifiers are needed for analog electronics/
detector testing presently scheduled for the NASA/LMSC Van de
Graaff in May. These six amplifiers will be housed in two
NIM modules as follows:

1 SM Module - 150 nsec

220 nsec

290 nsec

2 MM Module - 360 nsec

430 nsec

500 nsec

R. S. Lindsey

Distribution:

C. Hall
L. Cash
E. Curtsinger
P. Dunn
L. Fletcher
Gleeson
D. Lyons
A. Oliveira
W. O'Neill
R. Smith
J. Spahn
L. Vincent

, 138

or N tAC GI

SUBJECT,

B.
B.
B.
R.
C.
P.
T.
W.
R.
G.
C.
D.



.. EPS-376
10-5-71

SUMMARY OF POWER SYSTEM PERFORMANCE

DURING THE

EPS ENG. TEST UNIT

THERMAL-VACUUM TESTING

A. INPUT FILTER

-Due to the test setup (i.e., the EPS mounted inside a

vacuum chamber) and a lack of the necessary test equipment,

-it was not possible to perform any RFI/EMI testing on the

EPS during Thermal-Vacuum testing. Therefore, it is not

known whether the Input Filter met its design specifications

at the temperatures encountered during this test. However,

since the electronic components utilized in this subsystem

*do not vary significantly with temperature and are insensi-

tive to vacuum, and since this unit had already passed an

EMI test at room temperature, it is assumed that the Input

Filter would have allowed the EPS to pass an EMI test at

any temperature within the operating limits specified for

the instrument.

-Since both power supplies and the Heater Control circuit

were always within specification (see below), the Input

Filter could not have modified the primary power (+28 Vdc)

to these circuits. Therefore, the conclusion reached is

that the Input Filter performed as expected.

B. DETECTOR BIAS SUPPLY

The Detector Bias Supply met all of the performance

specifications during the Thermal-Vacuum testing. A summary

of its performance compared to the required specifications

is given below.
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Specification
(Ref. EPS-41)

Voltage:

Current:

27.5 ± 2.5Vdc

I. < 30 ma @
in -

Peformance
Thermal-Vacuum Test

Operated from 28 ± 4Vdc

I. < 25 ma
in -

28Vdc

Oper. Temp Range: -250 C to

+250 C Operated from -45°C to

Surv. Temp Range: -50°C to +43°C

+500 C

Output Voltage: 350 ± 17.5Vdc 346.9 ± 0.9Vdc over Temp

range of -450 C to +43°C

C. LOW VOLTAGE POWER SUPPLY

The LVPS met most of the required specifications during the

Eng. Test Unit Thermal-Vacuum testing. The summary below

gives actual performance and the required performance.

Specification
(Ref. EPS-45)

Performance
Thermal-Vacuum Test

Input Voltage: 27.5 ± 2.5Vdc

Input Current: I. < 557 ma
in -

Oper. Temp Range: -25°C to,

+25°C

Surv. Temp Range: -50°C to

+500 C

Operated from 24 to 3lVdc

I. < 550 ma
in-

Operated

+430C

from -45°C to

i. -140

Input

Input
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1.

Outputs:

+0.2
+8 -0.0 Vdc 8.05 to 8.08 -27C < T < 230 C

+0.2
-8 -0.0 Vdc -8.08 to -8.13 

+5 + 0.3 Vdc 5.00 to 5.03 

-5 + 0.3 Vdc *-5.258 to -5.317

+25 ±+ 2.0 Vdc 25.56 to 25.64

-15 ± 2.0 Vdc -16.63 to -16.73

3.0 + .01 Vdc 3.003 to 3.009

*Note that the -5 Vdc output was out of specification. This

output was out of spec. at room temperature (V =-5.317,out
spec. allows -5.300). This is a result of generating both

the +5-output and the -5 output from one secondary winding

on the LVPS transformer. Since the load current for the +5

is approximately 900 ma and the load current for the -5 V

output is only approximately 120 ma there will be a considerable

difference in the two output voltages. It was decided to set

the output voltages of this winding with the +5 V output (i.e.,

adjust the number of turns on this winding to get a minimum

of +5.00 Vdc out and take whatever comes out for the -5 V).

Since the -5 V output is out of specification by only 0.3%

worst case, this should be acceptable.

D. HEATER CONTROL

During the Thermal-Vacuum testing, the internal skin

heaters turned on during Test Case #2 (operating during a

cold orbit) when the internal package temperature had

reached -0.5WC. When the additional six watts were dissi-

pated within the EPS, the package temperature started
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increasing. The temperature was monitored for an additional

two hours and increased to +2.90 C during this time. It is

surmised that the package temperature would have eventually

reached +10°C and the heater would have turned off.

During Test Case #1 (operating during a hot orbit) the

package temperature started out at -350 C. With all electronics

power on and the heaters on, the package temperature increased

to +9.5° C in seven hours. At this point, the heaters turned

off and the package temperature immediately stabilized at

+100 C where it remained for the remaining eight hours of the

test.

Since during the course of the Thermal-Vacuum testing, the

EPS package temperature ranged between -450 C and +430 C,

it is obvious that the Heater Control Subassembly will

operate over and survive this temperature range.
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-,4 '-DEP/ATMEWAL COM.MUNICATION

* D.. L. Vincent

room C. L. Fletcher

.Z 673-10z /'Beta "'. HASD 4-14-71
Ref: EPS-198

id 673-10,"t'Beta ,",tHASD ".I 481

UwJT, Power Dissipation in Data Processor Modules

The power dissipation for the various data processor modules
was measured individually in the operating mode on the bread-
board unit. Individual module power is listed below.

Counter/Memory

Sequence Control/Line Rec.

Counter Control/Clock

Digital Data Comp.

ADC Logic/MUX Cont.

Buffer/Word Sync Gen

Total

5 volts @ 47 ma --- 234 m.W

5 volts @ 19.1 ma --- 96 mW

-5 volts @ 2 ma --- 10 mW

5 volts @ 36.7 ma --- 184 mw

5 volts @ 24

5 volts @ 52

5 volts @ 180

-5 volts @

ma --- 120 mW

ma --- 260 mW

ma

2 ma

900 mW

10 mW

It should be noted that ten counter./memory modules will be
required for a complete unit. Thus, the total power required
for a complete unit will he approximately 603 ma from the
positive 5 volt supply and 2 ma froim lte neq(ative 5 volt
supply. If the positive supply voltage is increased to 5.1
volts, the current increases approximately 3 percent.

C. L. Fletcher

cc: B. E. Curtsinger
.· B. C. Hall

R. S. Lindsey
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INTERDEPARTMENTAL COMMUNICATION

G. R. Smith

FROM
R. S. Lindsey

DEPI./ BLO.! PtANT/ DATY
WON. 673-10zoHi Beta NAC. HASD 4-12-71

Ref: EPS-197

. DIPT./ BLDG./ FILAT/
OWON. 673-10ZcE Beta FAC HASD

'MXT.

422

Parts List Change for the Dual Differential Pulse Height
Discriminator

Recently completed testing conducted on the Dual Differential
Pulse Height Discriminator indicates the need for several
parts value changes. The new values are:

R5 R6 R7

Channel 1 RNC50H7500FR 3260H-1-201 RNC50H4640FR

R.S. Ad'A
R. S. Lindsey

cc: B. E. Curtsinger

4'14 5

Form LAC 201

SUBJECT.
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INTERDEPARTMEfNTAL COMAUMUNICATION

R. B. Hendrix

R. S. Lindsey

O.N-/ 673-10, 2tS Peta tA/n R Def T 12-29-70
Ref: EPS-90

a/6 3-10 iBeta .'PANT/HASD t 42~G~. 673- 10 zo3 l3eta fAC. -

Part Value Changes for R2, R5(7), R5(9), R7(8), R7(9), R7(].0),
R8(7), R8(9), R10(8), R10(9), R10(10) and R13 of the Dual

Differential Pulse Height Discriminator

The subject MEPCO RNC50 resistors are officially changed to the

following values:

Resistor

R2

R5 (7)

R5 (9)

R7 (8)

New Value

- 6040 Q

576 Q

249 Q

... -1180 Q

R7(9) 1330 Q

R7(10) 1500 Q

R8(.7) 576 Q

R8 (9) 249 Q

R10(8) 1180 Q

R10(9) 1330 Q

R10(10) 1500 Q

R13 6040 £2

These values for R2 and R13 hold only if the input impedance
of the Resolution Monitor is 4990 £ ± 1%. If any change is
made in this circuit's input impedance, please inform me so
that compensating changes can be made in R2 and R3.

In addition, potentiometers R6 and R9 could possibly change to
3260 H (side screw) types.

R. . Lindsey

cc: W. Oliveira
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INTERDEPARTMENTAL COMMUNICATION

Jo B. C. Hall

R. S. Lindsey

OT./ 673- ldIoYi Beta A. HAISD 12-28-70
Ref: EPS-85

DET. ., ,,,. G/ . PLAT/ ET.o0T . 673-l± Beta ,c. HASD 422

Experimental Varification of EPS Analog Design Before Manufacturing
Release

Prior to freezing the EPS analog design, a detailed attempt should
be made to verify its adequacy and ferret out any shortcomings.
This testing should be directed at the system performance level
and-should involve the detectors, preamplifier, amplifiers, pulse
height discriminators, their interw.iring and the overall packaging
scheme. A large fraction of the testing can be accomplished at
the bench. An incomplete listing of these tests is:

1.

2.

System gain accuracy

System gain stability

a. Temperature

b. Power supply variations

c. Charge collection time.

3. System resolution

4. System resolution stability

a. Temperature

b. Counting rate and spectrum

5. System baseline

6. System baseline stability

a. Temperature

b. Power Supply Variations

7.

8.

9.

System Overload Recovery

System overload recovery temperature stability

System integral nonlinearity

10. System power requirements

Most of the required equipment necessary to accomplish the pre-
ceeding list of tests is on hand or could be borrowed. One
outstanding item, however, is markedly absent. This item is a
fast, linear, noise free pulse stretcher capable of operation
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12-28-70
EPS-85
Page 2

at > 250,000•sec rates. This item will have to be developed
or the (lMM1) detector channel cannot be tested. Since EPS
bases its rate performance capabilities on this channel's
qualities, I feel that the need to perform adequate, well docu-
mended tests is paramount. If work is not started on this unit
this week, the probability of its completion by January 15 will
approach zero.

The second type of testing necessary to demonstrate the ade-
quacy of the EPS design involves use of flight type detectors
and charged particles. Due to the thickness of dead layers on
SSR cubical detectors, alpha sources are of little use. In
addition, the (1MM)3 detectors permit sufficient electron scat-
tering to render the data largely useless. The only remaining
form of handy charged particle is the proton. Results obtained
in earlier IFS testing gave the indication that this type of
particle is acceptable for resolution and gain measurements.

It is my belief that someone from the detector group should be
charged with the responsibility of gathering together a group
of detectors that can be used to determine the adequacy of the
EPS electronics. Spahn and Cash understand the necessary ramifi-
cations involved in the selection of detectors.

It is also my recommendation that we should obtain the use of
the MSC Van de Graaff. Since we have no scattering chamber, beam
profile measuring apparatus, or beam monitoring equipment, the
use of another facility, such as the one available at Rice, for
this testing would be very painful and possibly impossible. Due
to schedule and manpower limitations, we should attempt to gain
access for the last two weeks in January. I have seen a NASA/MSC
Action Document from the Space Physics Division Chief giving
access to the Van de Graaff to GE during this period. The Van
de Graaff is scheduled to close on February 1, 1971.

R. S. Lindsdy9 

cc: Cash
Curtsinger
Lyons
Oliveira
O'Neill
Spahn
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INTERDEPARTMENTAL COMMUNICATION

B. C. Hall

R.. S. Lindsey

DT/ 673 - 10 zBeta ACt/IASD DAI, 12-29-70ZOHUA " PAC.

Ref: EPS-89

O673-l0 Z eta A"CHASD ' 422

Selection of EPS Post Amplifier Time Constants

In IDC EPS-86 of 12-28-70, preliminary recommendations for post
-amplifier time constants were made. These were based upon
sketchy information available at that time. On 12-28-70, Bob
O'Neill repeated the data very carefully. The results are inclu-
ded here. Indications are that it is possible to operate the
-post amplifiers at time constants equal to the worst case charge
-collection times and suffer no ill effects so long as the worst
[case charge collection times are true. This would imply time
constants of 110 nsec and 361 nsec for the (1 mm) 3 and (2 mm) 3

-detector channels respectively. These time constants would
--..... :produce dead times of 33% and 108% at input rates of 250K/sec.

I recommend the following:

A. Accurately breadboard time constants of 110 nsec and 361
nsec and repeat the Relative Gain Charge Collection Time
Data in a manner equal in precision to that reported here.
Since the curves roll off more slowly as the time constant
increases it might be possible to reduce the time constants
by a small amount as a result of analyzing the 110 nsec,
361 nsec data. Accurately measure the post amplifier out-
put wave shape to assume the proper time constant.

uB. Generate counting rate information for each channel based
upon the EPS boundaries and a Starfish Electron Enhancement.

C. Using the Random Pulser examine the behavior of the pre-
amplifier - post amplifier - pulse height discriminator com-
bination as a function of random input rate to determine
whether or not EPS can be paralyzed by high counting rate
conditions. If paralysis is possible its manner of onset
and rate location are central to the quality of EPS and
should be well known.

R. S. Linda e5

cc: Cash
Curtsinger
Lyons
Oliveira
O'Neill ¥" 149

TO

. OM

. UBJECT,

- .,

Fo.. LAC 201



INTERDEPARTMENTAL COMMUNICATION

iso B. C. Hall

R.

'673-10 ZON/ BetaCT/ HASD 12-28-70
Ref: EPS-86

.DEPr . HASD 422oWG9673-10 20 BetaFAc. HASD 422S. LindsE

SUBJECTs Selection of EPS Post Amplifier Time Constants

To optimize the EPS linear electronics performance for high
counting rate conditions, it is necessary to minimize the time
required to process each detected event. This is accomplished
by minimizing the post amplifier characteristic time constant
(T). The concept of EPS requires that the post amplifier out-
put pulse height be proportional to the total charge generated
within the detector during an event. This implies that T is
long with respect to the time necessary to collect the genera-
ted charge (T). It is apparent from a knowledge of the required
counting rates and the proposed charge collection times that a
conflict is possible. The facts necessitate a detailed analysis
of both the charge collection time and its interaction with the
post amplifier time constant.

The charge collection time for a carrier is given by:

d2
T =

Since VH (the hole mobility) is approximately a factor of two

less than Pe (the electron mobility), calculations will be based

upon times for holes. Now:

d2
TH - HV

where: T is the hole collection time

d is the depletion depth in cm

PH is the hole mobility in cm2 /volt-sec
V is the depletion bias in volts.
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-12-28-70
EPS-86
Page 2

Additionally:

' '' = 2.3 x 109 t- 2 - 7

where: t is the temperature in 0 Kelvin.

Energy loss requirements have already fixed the nominal values
of d at 1 mm and 2 mm. The worst case value of UH occurs when

t is maximized. Under operational conditions this is defined
as 0°C = 2730 K. However, since checkout of the instrument is
necessary at up to +30°C = 1030 K, the true worst case value of
PH occurs here. These two mobility values are:

iH(0oC) = 608 cm 2 /volt-sec

H(+300C) = 459 cmz/volt-sec.

Worst case initial depletion depth errors have been investigated
by Spahn and Cash. Solid State Radiation, Inc. guarantees an
initial error of < + 15% of nominal depletion depth.

Depletion depth drift as a function of oxygen impurity level,
..-- time, temperature and detector bias has been the subject of

a detailed study by Spahn. He reports very little data to be
available with poor agreement between authors. The worst case
depletion depth drift calculations are conservative and assume
an MDA mounting with the following conditions:

A. 3500 volts detector bias

B. A .38 year active detector mission

C. A constant 0°C detector temperature.

Spahn has proposed some additional experimental work to verify
his findings.

-The proposed values for detector bias were a compromise resulting
:from problems with voltage derating of detectors, high voltage
corona effects and the complexity of dual supplies. A value of
:350 volts has been selected.

-Figure 1 summarizes all these effects and the resulting hole
collection time.
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EPS-86
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In parallel with this effort it is possible to measure the
effect of finite charge collection time on post amplifier out-
put pulse height to determine what T is suitable for a known
TH . This work was done by Bob O'Neill on December 24, ].970,

using hypothetical values of T near the final EPS values. These
"data, Figures 2 and 3, relate the post amplifier output ampli-
tude to the ratio of charge collection time (T) to post amplifier
time constant (T). Several things are clear from these data, and
are:

1. The - = 276 nsec data should be repeated to
remove several ambiguities that exist near
the critical value of T/r.

2. The T = 83 nsec data should be extended on the
lower side to a point where the post amplifier
output amplitude shows no further increase.

3. If a decision must be reached from these data
for maximum acceptable T/T values the result

-would be < 0.5. ... - -

-------------------------4 .-----When preliminary values are established for

T(1 mm) and - (2 mm) detailed precision data

should be repeated for the exact values. This
process should be repeated until acceptable
values are found.

5. A computer program to predict the interaction
between T, T and the output amplitude should
be generated on a reduced priority basis to
allow a finer analysis of the problem. The
two measured boundary values should be checked
to insure the program's accuracy.

To sum up, on the basis of data available now, time constants
of 220 nsec for the (1 mm)3 detector and 722 nsec for (2 mm)3

detectors are necessary, resulting in pile-ups of 66% and 217%
respectively at input rates of 250,000/sec. Shorter time con-
stants could result in an inability to claim equality between
instruments due to detector variations. Better information.from
O'Neill could possibly lower the time constants.

R. S.'Lindsey

Atch: Figures 1, 2 and 3

cc: Cash Oliveira
Curtsinger O'Neill '
Lyons Spahn



12-Z /u
Lindsey

FIGURE 1

HOLE COLLECTION TIMES FOR EPS

Charge C,
Tir

OC 

Nominal Depletion Depth (1.00 mm) 48 nsec

3, Maximum Initial Depletion Depth (1.15 mm) 63 nsec

Maximum Drifted Depletion Depth (1.32 mm) 83 nsec

ollection
me

+300 C

63 nsec

84 nsec

110 nsec

Nominal Depletion Depth (2.00 mm)192 nsec 255 nsec

(2 mm)3 Maximum Initial Depletion Depth (2.30 mm)254 nsec 337 nsec

Maximum Drifted Depletion Depth (2.38 mm)272 nsec 361 nsec

T =d
H HV

Assumptions:

d

2.3 x 10 9 t-2' 7 V

l. ---The maximum acceptable leakage current for a
3

1 mmn detector at 30 0 C.is li amp resulting in

a bias voltage loss of 2.22 volts

2. The maximum acceptable leakage current for a
3

2 mm detector at 30
0
°Cis 2/Aamp resulting in

a bias voltage loss of 4.44 volts.

3. The minimum bias voltage supply value is 347.7

volts.

4. Depletion depth drift values are calculated

assuming an MDA mounting with a maximum temper-

ature of 0°C.
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EPS AMPLIFIER

An Analysis of the Filter Configuration

and the Optimization of Signal.Shapes

This report will discuss a pulse shaping amplifier composed of

two sections of active filtering using two operational ampli-

fiers connected in the inverting configuration, with bridged tee

RC networks for the feedback branches. Two cases will be con-

sidered: (.1) the output pulse is unipolar in nature, and (2)

the output pulse is bipolar.

The design is conducted with the purpose of achieving optimum

performance from the filters in regard to minimum noise con-

tribution and predictable pulse shapes; that is, the: unipolar

pulse shall be near Gaussian with no undershoot, exhibiting

almost perfect symmetry between the rise and fall times, and

the bipolar pulse shall exhibit only one baseline crossover

and its total duration being approximately equal to the uni-

polar pulse.

Unipolar Configuration

In order to study the response of the filter to the signal

coming from the charge sensitive preamplifier, consider the

circuit shown in Figure 1:
Clb Cd

rigl ur .1

Figure 

.·156



It will later become apparent that this configuration corres-

ponds to unipolar shaping provided that the filter elements are

chosen accordingly.

The signal coming from the preamplifier into the amplifier's

input can be expressed as

t

ei(t) = e (1)Cf

where:

Q - signal charge at the preamplifier's input.

Cf- preamplifier's feedback capacitor.

T r Rf x Cf = preamplifier signal decay time constant

and Rf is a high valued resistor connected across

Cf'

In the complex frequency domain, equation (1) becomes:

Ei (s) 
Cf S +

Let us now compute the transfer function of the amplifier's first

filter section. That will consist of evaluating the ratio

E01(s)

01.. .(s

-It can be shown by operational amplifier theory that this trans-

-fer function is given by

E 01 (s) Y21a
Ei(s) Y (3)Y21b

where Y21a' Y 2 1b are the transadmittances of the input and feed-

back networks respectively.

Using standard network analysis techniques, Y21a is found to be:
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21a R2a

and:

Cl

Y21b

1S +a
laCla

S + '
R R

la R la
. la + R2a

. .2+( R .

Ilb 2b S +

.|_ lb 2b

(4)

. .

(5)
+

Rlb x R2b

Rlb + R2b C2lb 2b

and the transfer function is given by(: ,1

R.la ala)
+ 1

El, (s) Rla + R2a
a

(6)v _

E. (s)

\S +1 RlbC bC2lbClbR 2bC2b

aJ
1

-Rlb 2b

Rlb+ R2b

Recalling equation (2), and establishing the condition that

T = Rf x Cf be equal to Rla x Cia, one finds that upon multipli-

cation of the preamplifier output response to the network "a"

transfer function, there is a pole-zero cancellation and the

response at the output of the first amplifier is given by:

Q x

Cf 

1

Rla + Ral la/

_S2+ 1 S +.-1l

- R2aClb R2b lb lbR2b
C

2b

Rb + R 2b 

lb 2b2

Rlb R 2b 
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It is desirable to have the differentiating time constant of the

input network equal to the integrating time constant of the

bridged tee network and thus superimpose the pole of Y21a with

the pole of Y2 1b' Once this is established, E 0 1(s) becomes:

E1(s) = Q 1· ·0 1' I cR C 2 1 ..CfR2aC [sR
+Rlb x R2b C

lb + ) s-Rl Cblb lb 2b 2b

Equation (8) gives the signal response at the output of the first

operational amplifier.

By studying the locations of the poles of E l(s), one can determine

the nature of the time response-or pulse behavior. It will, of

course, depend on the roots of the characteristic equation:

S + 2 W + W 2 = O (9)

where the new variables are:

2
W

2 p W0 =

1
(10)

RlbClb R2bC2b

1 _

Rib X R2b

lb+ R2b 2b

'(11)

- Solving for p in equation (9) one finds:

.1 
P = 

1I

2 X U X 
R +R C2 b X2 Rlb + R2b C2lb C Rlbllb R 2 bC 2 b

.R... (R + C C ... .
lb 2b lb lb R2b 2bC2b :

2 R R2C
lb 2b 2b
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The roots of equation (9) are:

2 2_ 4W 0
-2pW0 + 4p 2W 4W0

S,2 21,2 2

or

2pW0 + 2W
0

V -l
.'''~~ S19 (1 3)

Equation (13) tells that one can expect three different kinds

of solutions depending on the value.of the parameter p.

p < 1, S will be a pair of complex conjugates in1,2
the left half of the complex frequency plane.

In this case the response of equation (8) will

be underdamped and will present oscillations.

p > 1, S1, 2 will be two numbers located on the negative

real axis of the complex frequency plane. In

this case the response of the equation (8) will

be overdamped.

p = 1, S, 2 will be a pair of coincident real roots

located on the negative real axis of the complex

frequency plane. In this case, the response of

equation (8) will be critically damped. This

.means, fastest return to the baseline with no

oscillations.

In the present application, one is more interested in this third

type of solution (p = 1) which gives for solutions the following:

Sl,2 = (2)

Under these conditions, equation (8) can be rewritten as:

t160
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E 01 (S) =

Q
CfR2aClb

(S+
1 /.

ARlbClbR2bC 2b

For the second stage of filtering, the transfer function is

given by:

_02 _s '21c
E0 (s) Y21dEo s 21d-

It is easily shown that:

1

(Rl) CIc lc

again

Y21c =

( )
. ( 51

S + l2
c )lc

and

/R +R
2 ld 2d 1

S + C2
d

S +
d Cid L \ Rid xR 2d 2 ldR2 dCldC2d)I 16

Y21d - -R 16%,Rid +R2 d

. Rl d x 2d 2d

Thus:

E 0 2 (S)

E01) =

1 +2
2 + (R )C

(Rlc) Clc lc lc

I d C x 2d) S 1 Cc (17)Cld Rid Rd x 2d 2d

(s Rild x R 2d

'In this case,-if the pole of Y21c is made to coincide with the pole

of Y21d, one has:
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and t

1

E0 2 (s) (Rlc) Clc

CE.2 + + R2d.
012(s d 2d

Cld L Rld x R2dC2 d

the condition used to obtain (18) was:

R Rd xR
xCl Id 2d
F xIc Rd +R 2dXC 2did 2d

(18)
1

S + 1 !
RldR2dCldC2d
. . .~

,'

(19)

The output voltage response will be obtained by multiplying both

.. members of equation (18) by E0 1
(s) and then substituting E0 1(s)

by its expression as given by equation (14). Thus:

Q

CfR 2aClbCld (Rlc) 2Clc
E (S) =

(20)

[s2 Rl Id 2d 1 

Rd R 2 dC2 d RldR2dCldC2d lbClb2Sd 2 Id 2d Id 2d

The second filter section can also have its elements chosen so as

to guarantee critically damped response. Under these conditions,

one has:

Q

E02 

CfR2aClbCld (Rlc) 2C lc

s) S+ 1 2S + 1
L ldCld 2dfC2dJ L NlbCb2bC2b 

(21)

If one goes one step further and makes the bridged tee elements for

both filters correspondingly,equal, Equation (21) becomes:

Q
2 2

CfR2aCld (Rlc) Cl
1

E02 (s) 4 (22)

. -
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Equation (22) gives the overall response of the pulse shaping

amplifier when fed from a charge sensitive preamplifier. The

filtering is arranged so that there is one early differentiation

at the "front end" in the so-called 'pole-zero" cancellation

network, followed by two stages of active integration. In

addition, the time constants were chosen to be equal as explained

above. -

The frequency domain amplitude response is shown in figure 2 below.

harnp,'thu IFigure 2

d 2 

A k RC 2 Q _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

I \

I
-: - I

'1,

. ~ ~~I
·

. . ..

I

I
-I .

S1ope = - 2 d4/ocrt-.

-ve> Icncy Xe

:.lov 55ale

The time

where /i

domain expression for equation (22) is given by:
-t
r rn

e 0 2 (t) =

llC1R2C 2

Q 1 3
2 2

CfR2aC1 (Rlc) Clc

= T is the time constant.
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The time for e02(t) to reach its maximum amplitude can be found

by taking the derivative of e
0 2 (t) with respect to time, equating

it to zero and solving the resulting equation:

-t -t
de02(t)0 2 1 3 1 Y 1 ? 2

K

1

- t - e + K
1

x 6 e x 3t 0
t

thus:

t + 3 = 0

and t = 3T.

Expression (23) can be normalized with respect to amplitude and

time constant, resulting in the following expression:

e 0 2 (t) = t3e
-

t

Examining expression (26) one immediately concludes that e0 2 (t)

has two singularities, that is its value is zero for t = 0 and

also for t = a. This, of course, clearly identifies the strictly

unipolar nature of this amplifier configuration.

It is desirable to know the values of e0
2 (t) for many different

values of t in order to have a clear understanding of the system

"dead-time" and "pile-up" effects under high pulse rate excitation.

-The expression e
0 2 (t) = t t was solved for t in increments of

At = .1 from t = 0 to t = 20, using the H.P. 9100B calculator, and

the results are presented in the form of a table of eo2 ( t) versus t

and also in the form of a polt of e
0

2 (t) versus t. The plot has

been normalized so that maximum amplitude is made equal to 1. This

allows all the other points to be immediately viewed as a direct

percentage of the maximum value. The table and the plot are shown

in figures 5 and 8 respectively.
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Bipolar Configuration

In order to achieve a bipolar pulse response at the output of the

shaping amplifier, it is necessary to differentiate the incoming

pulse twice. For this particular application, and due to loading

considerations, it is preferable to place the second differen-

tiator between the two operational amplifiers. This can be made

of a series R-C network at the input section of the second active

filter as shown in figure 3.

Figure 3

C,6

Ci,

!3 F3

By comparing

E6l(s) still

Furthermore,

network will

(16). Thus:

figure 3 with figure-1, it becomes apparent that

has the same expression as given by equation (14).

the transadmittance of the second amplifier feedback

also be maintained unchanged and equal to equation

'.+ RlCld s.I2 1d 2d 1S + .
- .ld~ 272d x R2dC2d 2d 2d

ld R2d

Y21d 2d 

The second stage input network transadmittance will be:
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1 S
Y x
21 R 3S 1~2 3 S+

and the second filter transfer function is given by:

and the second filter transfer function is given by:

E0 2(S) R3 R3C3

E0 1 s- 3 33En01 ( c [S2 +1 + 1R2

C1 S + R1R2C2 S RCR2C

S +R1R2C 2

As in the

equality:

unipolar case, it is advantageous to make the following

R1R2

I: R3C 3 = R + R 2 2C

Under this condition,equation (18) becomes:

E 02 (S)

E.0 (s)

(29)

(30)
S

R 3 C 1 [S S + R C1 R2 C 2 ]

By using E 0 1
(s) as given by equation (14) and considering critical

damping for expression (30), the output response becomes:

Q S
E 02 (s) x 1 0j-C2 .(31)

R3 Cf 2 a 1 S+

By studying equation (31) it can be 'seen that the effect of a

second differentiation is the addition of a zero located at the

origin. The time domain expression for equation (31) is given by:
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1 ·t 2 1 3
E 0 2 (t) = K x x e 31 2 \/

where K1 =
RCR C

R3CfR2a 1

and T = .R1C R2C 2

The times to reach the positive and negative peaks can be found

by taking the derivative of e 0 2 (t) with respect to t, equating

it to zero and then solving for t. After some straightforward

manipulations, the following equation results:

t 6Tt + 6T 0

(32)

(33)

for which the two solutions t1 = 1.27-T and t2 = 4.73-c are respec-

tively the times of the first and second peaks of the bipolar

pulse.

By substituting the values t = 1.27T and t2 = 4.73 into

expression (32) the peak values of e 0
2 (t) are found to be:

(34)e02(first peak) = + .262 x K 1

~~~~022

.114 x K 1

e 0 2 (second peak) = 2

It is interesting to know that:

e02(second peak) .114

e02(first peak) .-2 .435

(35)

(36)

This means that the secondary lobe of the bipolar pulse has a peak

that is only 43.5% as big as the primary lobe peak. However, the

areas under these two lobes should be equal..
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In order to find the time for the bipolar pulse to cross the base-

line, one makes expression (32) equal to zero and then solve the

resulting equation for t. Once that is done,. the crossover point

is found to be at:

-`~t* - t (37)

As in the case of the unipolar pulse analysis, expression (32)

can be normalized with respect to amplitude and time constant, so

that the following expression results:

-4- I 9' 4.3\
e 0 2 (t)N e- 

=
T 3 (38)

This expression was also solved for t, in increments of At = .1

from t = 0 to t = 20, using the H.P. 9100B calculator. The re-

sults are presented in the form of a table in figure 9 and of

a plot in figure 6.

The frequency domain amplitude response for the bipolar pulse,

corresponding to expression (31), is shown in the figure below.

- anOpltLvdc
ob

f 2 3g, ,,2

0

Gdt t.
d b/o ..

I - _I

Wal = __ __ _* ,.o= l
... _ _. L _~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

o10 scale
Figure 4
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Figure 8

UNIPOLAR SHAPING
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Figure 9
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BIPOLAR SILHPING
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EPS-40

12-9-70

EPS I1OUSExiEEPING SPECIFICATION

General: To insure proper operation and maintenance of the EPS

hardware a total of twenty (20) parameters must be monitored

using two (2) spacecraft high level, low rate analog -FM channels.

Since the detectors' temperature controls the spectrometer's

operating mode, a wide range detector temperature sensor will

be monitored on one channel singularly. The other nineteen

(19) monitors and two sync channels will be multiplexed onto

--:the second TM channel.

The total complement of monitors is:

Parameter Quantity

+8 1

-8 1

+28 1

+5 1

-5 1

-5 (reference) 1

+350 (bias) I

Electronic Package Temperature 1

Wide Range Detector Temperature 1

Narrow Range Detector Temp. 1
Monitor

Detector Leakage Current Monitor 5

Electronic Noise Monitor 5

Total 20
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TM Interface: Each of the analog TM channels assigned to the EPS

has the following characteristics:

Input Range 0 to +5 VDC

Input Impedance .> 1 HQ

Input Shunt Capacitance < 2.2 pf

:Sample Rate - 1.25/second

Sample Interval < 20 'seconds

Sync Availability None

Required Source Impedance < 10KR

Detailed Specifications: The analog multiplexer/buffer system

will have the following end to end characteristics:

... TM output range

Output Impedance

Short Circuit Duration

Integral Nonlinearity

Gain Stability

Zero Stability

Tolerance to induced noise
in signal line

Buffer Amplifier Input Bias
Current

Power Requirement

Power Supply Rejection

Operating Temperature Range

Survival Temperature Range

0.000 to +5.000 volts
into 1 MQ

1.00 KQ + 0.1Q orig.
temp. range

<0.1%

<0.1% over theallow-
able package temperature

<5.0 mvolts over the
allowable package temp.

Must meet or exceed the
requirements of tests
CE02, CE04, RE01, PE02
and RS03 of MIL-STD 461A.

<10 nAmps over the allo.w-
able temperature range.

@ +8 VDC

@ -8 VDC

@ +5 VDC

No loss in monitor charac-
teristics for a + 1 volt
variation in any-supply
voltage.

-250 C < T < +250 C

-500 C < T < +500 C
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Design Responsibility: The housekeeping subsystem engineer will

have the responsibility of designing all components of the analog

system with the exception of:

A. The five leakage current monitors

B. The noise monitor and its associated input multiplex cir-

cuitry.

However, in these two cases the housekeeping subsystem engineer

will determine output specifications necessary to properly inter-

face with the ensuing multiplexer.

Location: The entire housekeeping subsystem with the exception

of the five leakage current monitors and the multiplexed noise

monitor will be located in the Data Processor module.

Detailed Sensor Specifications

A. Wide range detector temperature sensor

1. Range -100°C to +100°C

2. Accuracy* +5°C

B. Electronics Package Temperature Sensor

1. Range -1000 C to +100°C

2. Accuracy* +5°C

C. Narrow Range Detector Temperature Sensor

1. Range -250 C to +30°C

2. Accuracy* +0.5° C

D. Leakage Current Monitors

1. Range 0 amp to 5 amp

2. Accuracy* i+ 5 namp

E. Resolution Monitor

1. Range 0 Kev (FWHM) to 100 Kev (FWHIM)

2. Accuracy* + 1 Kev (FWHM)

FP. Voltage Monitors

1. Range +4.50 volts maximum
+5.00 - - - -

'+3.75VI----L

. VNominal
V .,in
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2. Accuracy

G. Positive Analog Sync

1. D.C. Output*

H. Ground Analog Sync

.. . D.C. Output*

*Indicates accuracy over

+0.5%

t!

+5.000 + 0.01 volt

0.'000 + 0.01 volt

he entire environmental range.
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·A PROPOSED MO;NITOR BLOCK DIAGS
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3.2.1-.5.C Mission Interface (Times of Hardware Operation)

The determination of mission profiles are defined by the

Skylab Program Office. Certain requirements of the mission

total times are defined by the ICD. The ability of the EPS

to meet these requirements and to operate in hostile environ-

ment for more than the required mission times is reflected by

the FMEA and the Qualification Test Report. A mean-time-

between-failure analysis of the original concept of an

operation time of two years is met. A worse case rough

analysis of the entire system estimates a mean-time-to-failure

(MTTF) of 21,500 hours. This MTTF does not include the

detectors.
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3.3.1.7.1 Structural Factors of Safety

The original design of the EPS incorporated factors of safety

as required to meet this requirement. After the higher test

levels were received, there was some doubt as to whether the

design had a sufficient factor of safety. A computer calcu-

lation performed very recently indicates that the EPS design

continues to meet this requirement even when stressed to the

higher test levels.
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3.3.2.4 Electrical Connectors - Pin Assignment and Pin or

Socket Selection

All electrical connectors used in the EPS were analyzed

during the Single Point Failure Analysis and the Failure

-Mode Effects Analysis (FMEA). The requirements of paragraph

3-3.24 of MSC-KA-69-44 were met with emphasis on mishaps

due to design, operational and procedural deficiencies,

environmental conditions, personnel error, and normal

equipment operation.

a. All connectors in slices are keyed and cannot be mated

wrong. Also connectors (slices) cannot be de-mated

- with power on instrument. Hence, no hazard.

b. A statement indicating 'power must be off' during instal-

lation in spacecraft will be added to installation and

handling procedures.
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3.3.2.6 Material Detrimental to Electrical Connectors

Non-metallic materials used on the EPS program were surveyed

by LEC R&QA for compatibility. The source of this analysis

is the non-metallic manual and NASA/MSC personnel. No

material used on the EPS program is considered detrimental

-to electrical connectors. No metallic materials report is

required by the contract; therefore, this effort is not

documented.

No materials are used adjacent to exposed electrical contact

surfaces. The only material used on or near the connector

(but not near exposed contact surfaces) is PR 1538 polyurethane

conformal coating on leads and rear of connector bodies-. The

only fluids used in cleaning are isopropyl alcohol and freon.
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3.3.2.7 Electrical and Electronic Piece Parts

A fully documented parts program is available for review.

This includes procurement specifications, screening specifi-

cations, EEE Parts list, and procurement requirements. The

documentation meets all the requirements of this paragraph.

These documents have been reviewed by NASA/MSC Reliability

and Quality Assurance with no comments. The referenced

documents are available for review.
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-3.3.2.9 Protection of Electrical and Electronic Devices

Electrical and electronic devices used on the EPS have pro-

tection against reverse polarity. Adequate diodes have been

installed for circuit protection. A protection circuit has

been designed to protect the instrument from spurious

voltages from the spacecraft as well as protection from

feedback voltages into the spacecraft from the instrument.

184
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3.3.4 Debris Protection

a. "Electrical circuitry - prevent unwanted current path

being produced by debris

The EPS consist of an inner subassembly containing four "slices"

(modular aluminum housings containing printed wiring boards and

electronic subassemblies encapsulated in their own aluminum

housings), which is shock-mounted within an outer mechanical

housing. The top plate containing the detector assemblies is

mounted onto the inner assembly leaving a gap around the upper

edge of the outer housing to allow any movement due to the

vibration isolators. This gap is concealed by a flexible

silicone skirt to prevent open access to the inner assembly

and act as a reflective shield for thermal control yet not

affecting the controlled thermal conduction between the outer

-housing and the top plate/inner electronics assembly. Any

contaminants and/or debris could penetrate the outer housing

only through this gap and reflective shield. When the four

slices are mated, there are covers between each printed wiring

board and its mating printed wiring board. This results in

an assembly which is sealed except for access holes to test

point jacks in two ends of the upper three slices. Each

access hole presents access to only one cavity and printed

wiring board. The printed wiring boards are conformally

coated with PR 1538, a polyurethane, on both sides as pro-

:tection against moisture, contaminants, etc. Each printed

wiring board was designed to mount in a separate cavity

-shielded from any other cards or electronic subassembly.

All wire or contact terminations are conformally coated or

encapsulated.
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b. Critical mechanical items covers and containers

The eight vibration isolators are contained within the EPS outer

housing in pockets with access when required through covers.

The detectors are enclosed within hermetically-sealed housings

for protection and selection of energy levels. The EPS is

supplied with a protective glass fiber cover over the upper

half of the experiment which is secured in a shipping and

testing stand for protection until installation in spacecraft

where a boost cover is employed. All electronic subassemblies

are mounted in compartments in slice assembly configurations,

which makes any subassembly inaccessible without dismantling

the inner assembly.

d. Threaded fittings and fasteners

All fasteners used in the EPS are used with heli-coil screw-

lock inserts to positively secure threaded members against

loosening caused by vibration and shock and to protect tapped

threads against wear and damage in use. All mechanical and

electro-mechanical assemblies are cleaned per MSC C-8, Class A.

All mechanical parts are packaged per MSC-SPEC-C-12A or

MSC10M01836 Paragraph 5.1 and 5.2 (for parts with thermal

control coatings) until assembly in a controlled access area

or clean room. Upon final assembly all subassemblies are

cleaned per MSC C-8, Class A. This cleaning prevents contami-

nants and/or debris in tapped holes or other limited access

areas which could loosen and contaminate areas of the EPS.

No self-tapping screws, bolts, or quick-acting fasteners are

used. In all four slices, where tapped holes are not blind,

they are open outside the hardware so that debris will not

be released inside.
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3.3.6.1 Test Points

During the early phase of the development of the EPS it was

established that there would not be any testing of the EPS

after it was installed on the spacecraft other than observing

the output of the instrument thru the normal telemetry system.

Therefore, all test points contained within the EPS are for

laboratory use only.
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3.3.6.2 Test Equipment

Development analysis of the Bench Test Equipment (BTE) was

made based on the ICD and EPS requirements. The approach

was to make the overall acceptance test procedures as simple

as possible. The BTE simulates the spacecraft interface

such that all inputs/outputs to the EPS are tested in such

a way to guarantee proper minimum/maximum level signals.

The BTE has been designed and proved by tests and operation.

There are three sources of power in the BTE which are used

to power the various interfaces as well as the EPS itself.

The computers internal 6 volt supply powers all logic used

in the BTE, the ±15 volt dual supply powers the input inter-

face board and the 8 channel digital to analog converter,

and the 25 to 30 volt supply is used exclusively to power

the EPS. All power supplies have internal current limiting

and over voltage protection to completely protect the EPS

and the various subassemblies of the BTE from damage due to

power supply malfunction.
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3.3.7 Single Point Failure

The "Electron-Proton Spectrometer Single-Point Failure

Report", EPS-424 is presented to satisfy this requirement.

189

k

I



EPS-424

ELECTRON-PROTON SPECTROMETER

SINGLE-POINT FAILURE~ REPORT

LEC Document Number EPS-424

Prepared by

Lockheed Electronics Company, Inc.

Houston Aerospace Systems Division

Houston, Texas

Under Contract NAS 9-11373

For

National Aeronautics and Space Administration

Manned Spacecraft Center

Houston, Texas

August 1971
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EPS-424

SINGI.E-POINT FAILURE

ELECTRO~N-PROTON SPECTROPIETER

1. PURPOSE

A single point failure summary identifies the critical

areas that will, as a result of a single assembly failure,

cause a complete or partial loss of the experiment,

questionable data, or complete loss of data acquisition.

The following information must be delineated:

Corrective action taken

Experiment objective and,

Justification for retaining a single point failure

2.0 CORRECTIVE ACTION

The requirements of the Electron-Proton Spectrometer (EPS),

such as weight to power limitations, logic, and electronic

circuit packaging, limit redundant circuits and components.

As a result, corrective action to reduce the possibility

of critical failures is applied through careful selection

of the best available high-reliability components, screen

and burn-in tests, and derating of components used in the

circuits.

3.0 JUSTIFICATION FOR RETAINING SINGLE POINT FAILURES

Space and weight are important factors in the EPS; conse-

quently, there are no redundant logic and electronic

circuits. Most of the components used have a long life

expectancy. Hi-Rel micro circuits have a predicted

1Mean-Time-To-Failure (MTTF) rate of five to ten years.
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Discrete components have been selected to the high

reliability requirements of .MIL-STD 883, MIL-STD 202,

established reliability programs, or have been screened

to Hi-Rel requirements. Component derating further

increases the life span. Worst case analysis of the entire

system estimates a MTTF of 21,500 hours. This eral

times the hours required by mission objectives. The above

MTTF does not include the detectors.

4.0 MISSION OBJECTIVE

To measure electron and proton radiation the instrument

accepts charge pulses from the detectors. These pulses

are shaped and amplified and trigger discriminators at

different energy levels. The discriminators outputs are

fed into the data processor for telemetry processing.

5.0 SINGLE-POINT FAILURE ANALYSIS

5.1 DATA PROCESSOR

5.1.1 Counter Memory

Ten channels of input information from the discriminators

are processed and shifted to the Sequence Control and Digital

Data Compressor. The data consists of 4 channels of

electron and 6 channels of proton information. A

failure of any one channel would result in 10 percent

loss of data critical to the mission.
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5.1.2 Sequence Control

A failure of the Sequence Control could result in no

data output from the Data Processor, including housekeeping

events. All common Digital Data Output, Column Sync, Word

Sync, Multiplexer Address Advance, housekeeping gates,

-A/D Converter Start, etc., are dependent on the Sequence

Control.

5.1.3 Digital Data Compressor

IFailures in the Digital Data Compressor could result in no

output data from the Word Sync Generator and Output Buffer,

resulting in no data readout to telemetry.

.5.1.4 Multiplexer A/D Analog Section

This section of the Data Processor handles housekeeping

events. A failure in any part of the Multiplexer would

-have very little effect on the mission critical data.

-5.1.5 Multiplexer A/D Converter Logic

A failure in this section would not effect mission critical

-data.

5.1.6 Word Sync Generator and Output Buffer

-Failure in this section of the Data Processor could result

in complete loss of output to telemetry.
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5.1.7' Filter Module

This module contains one Output Filter for each telemetry

'data channel. Failure of a data point filter would result

in no data out on one telemetry data channel.

5.1.8 Voltage Monitor

-A failure of the Voltage Monitor would have negligible

effect on the mission critical data of the EPS.

:5.2 LOW VOLTAGE POWER SUPPLY

5.2.1 Preregulator

-Failure of the Preregulator could result in erratic output

-or no output from Preregulator with a possible loss of

power to the EPS.

:5.2.2 Core Driver

A failure of this driver would result in erratic operation,

-loss of switching or possible loss of power to the EPS.

:5.2.3 Transformer Assembly

A failure of the Transformer Assemblv could result in

possible loss of a portion of the power to the EPS or

possible loss of all low voltage power.

-5.2.4 Discriminator Reference Regulator

A failure of the Regulator could result in reduced power

input to the Transforner Assembly, power loss to transformer,

or possible loss of all low voltage functions.
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5.2.5 Inductor Assemblies

Failure in an Inductor Assembly could result in erratic out-

put or loss of one or more of the power supply outputs.

5.3 DETECTOR BIAS POWER SUPPLY

Loss of Detector Bias would result in no primary data.

Detectors would not function. Secondary data (housekeeping

information would still be obtained).

5.-4 HEATER

5.4.1 Heater Control

Loss of the Heater Control Circuit would result in a possible

temperature variation that could cause loss of or erroroneous

data.

5.4.2 Heater Circuit

The Heater Circuit is not normally on during EPS operation.

During down or storage time the effect of failure in the

Heater Circuit would depend on orbit mode. At Beta 00

no effect would be noticed. At Beta 730 the EPS survival

could be effected.

5.5 NOISE MONITOR (5 each)

Failure of the Noise Monitor function would result in a

loss of housekeeping events. Effect on the operational

data of the EPS would be minor.
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5.6- LEAKEAGE CURRENT MONITOR (5 each)

Failure of the Leakage Current Monitor would cause a loss

of housekeeping events. This event would have minor

effects on the primary data received from the EPS.

5.7 PREAMiPLIFIER (5 each)

Failure of any one Preamplifier would cause a loss of

'20 percent of the primary data inputs to the Data Processor.

5.8 PULSE AMPLIFIER (5 each)

Failure of any one Pulse Amplifier would result in the loss

of 20 percent of the primary data to the data processor.

5.9 PULSE HEIGHTS DISCRIMINATOR (5 each)

Failure of any one of the Pulse Height Discriminators

would result in 20 percent loss of primary data to the Data

Processor.

5.10 INPUT FILTER

Failure of the Input Filter would cause the loss of either'

all data, primary data only, or Heater Control only.

5.11 DETECTORS

If one of the Detectors failed, two channels of information

would be lost (1 Electron, 1 Proton). Twenty percent of

mission critical data would be lost.
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5.12 CONNECTORS

5.12.1 1 PPS

Clock Sync Pulse for cycling data and timing for data

processor. Failure of 1 PPS would result in loss of all

data.

5.12.2 Input, Detector Bias Supply

Failure of input to bias supply would result in loss of

detector operation.

5.12.3 Input 28 Vdc To Instruments

A failure of input power would result in loss of all power

to instrument.
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3.3.9 Selection of Specifications and Standards:

Parts and material conforming to various Government specifi-

Ications were selected in the precedence required. Certain

parts required for the EPS were not available as Established

Reliability Parts. Procurement of these parts was handled

in three different ways, i.e.

Vendors Specifications,

Procurement Specifications, and

Screen and Burn-In.

VENDORS SPECIFICATIONS

When vendors specifications were available, they were

reviewed. If the specifications complied with NASA Reliability

Requirements for flight hardware, parts were procured on this

basis. Specification Test Sheets are available on request on

these parts.

PROCUREMENT SPECIFICATIONS

To meet the requirements for High Reliability Parts when suit-

able vendors specifications were not available, procurement

specifications were written to ensure that vendors' testing

programs would be upgraded to qualify their parts under NASA

requirements for High Reliability Flight parts. The Procure-

ment Specifications were published in EPS-239, a copy of which

is attached.
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SCREEN AND BURN-IN SPECIFICATIONS

Some parts did not lend themselves to these approaches and

were purchased as commercial and JAN parts and subjected

to a Screen and Burn-In to qualify them as Hi-Rel Parts.

The Screen and Burn-In was conducted at the NASA White Sands

Test Facility. These tests were designed to meet Specification

for Semiconductors, MIL-S-19500; Test Requirements for Semi-

conductors, MIL-STD-750; Test Methods for Electronic Parts,

MIL-STD-202D; and MSC Reliability Parts Program Requirements,

MSC-3515. The Screen and Burn-In Specification are included

as a part of EPS-239.
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SECTION 1

EPS FLIGHT UNIT

PROCUPREMENT AND

RELIABILITY REQUIREMENTS

INTRODUCTION

This document brings together a compilation of the

reliability requirements for parts/components for use in

(procurred for) the Electron/Proton Spectrometer (EPS)

Qualification and three flight units. The reliability

data contained herein provides a visibility of parts

selection and reliability requirements for the EPS to

insure a parts program that will meet the extended life

criteria of the EPS, and to meet the NASA/MSC reliability

requirements.

A few parts, which meet the design requirements of

certain aspects of the instrument, could not be obtained

in the quality grade of established reliability parts.

For these particular parts, which require screening and

extra testing, applicable procurement and screen and

burn-in specifications are included in this document.

Cognizant personnel associated with the reliability and

quality assurance aspects of the EPS program are urged

to bring to the attention of the LEC Reliability

Engineer any errors or omissions in, or modifications

of any statements or requirements contained herein so

that appropriate corrective action can be made in a

timely manner.
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SECTION 2

EPS FLIGHT UNIT

COMPONENTS RELIABILITY

REQU I IEMENTS

The following list provides a visibility of the parts

selection and the reliability requirements required for

the procurement of parts/components for the EPS.
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-1.0 SCOPE

This.document defines the electrical,'mechanical and environ-

mental specifications and initial acceptance tests for the

procurement of lithium-drifted silicon detectors for use on

the Electron-Proton Spectrometer (EPS) being developed by

Lockheed Electronics Company for NASA/MSC under Contract

NAS 9-11373.

.-2.0 APPLICABLE DOCUMENTS

MIL-STD 750A, Test Methods for Semiconductor Devices

MIL-STD 202D, Test Methods for Electronic and Electrical

Component Parts

MSCM 8080, Manned Spacecraft Criteria and Standards

3.0 COMPONENT SPECIFICATIONS

3.'1 Mechanical

3.1.1 General

The detector elements shall be cubical in shape. They

shall be manufactured of lithium-drifted silicon.

.3.1.2 Physical Mounting

The silicon cube shall be bonded to an aluminum oxide

substrate which in turn is bonded to a TO-5 transistor

header as shown in Figures 1 and 2. The header shall be

-..-._.....supplied with a steel can (unsealed)
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N+ Side

Intrinsic Region

P-Type
Undepleted
Silicon

I
Ceramic Disc - Aluminum rxide

Fig . 1. .iew of Detector ?'ltuntirn-
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Ceramic Disc

Case Ground

Detector

TO-5 Transistor Can

Fig. 2. Ton View of Detector ''ounting
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3.1.3 Dimensions and Dead Layers

The dimensions of the silicon cube shall be as shown in figure

3. The five exposed sides of the detectors shall have dead

layers of .0050 cm or less equivalent of silicon. The p+

(unexposed) side shall have a dead layer of nominal thick-

ness .05 cm.

3.1.4 Identification

Each detector shall have a four-digit identification number

painted or inscribed on its base. If painted, the paint

must be vacuum compatible. The most significant digit shall

be "2". Each number shall be unique and referenced to:

1.

2.

3.

4.

5.

The

The

The

The

The

silicon .ingot used in fabrication

date of detector fabrication

lot number

dates of testing

data supplied with each detector

3.2 Environmental

3.2.1 Temperature

The detectors shall operate within specifications over the

range -50° C to +25°C. They shall be capable of being cycled

over the range -500 C to +600 C at 10 C/minute. No permanent

deterioration of the detector shall be incurred by exposure

to a 600 C environmentfor a period of 24 hours providing

bias is not applied during this period.

-222
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B

-A

A

--
~. 

i
'

TOP/

C

. __ - Mao -_ ,

BOTTOM-

Syorm-d1 Dimensions

A 0.255+0..0050 cm

B* 0.200-0.0025 cm

C 0.210+0.010 cm

*Not Counting Dead Layers on
Surfaces

N+ Side Dead
Laver < 0.0050 cm

Intrinsic

Region

Dead Laver on All
Four Lateral Sur-
faces < 0.0050 cm

P-Type Undepleted
Silicon

Lateral

Fig. 3. Schematic Drawing of Lithium-Drifted
Silicon Detector
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3.2.2 Pressure

The detectors shall operate within specifications in a dry environ-

ment of either air or nitrogen from 1000mm Hg to 350mm gIq and
-3 -5also over the range from 20 x 10 torr to less than 10 torr.

3.2.3 Vibration

The detectors shall be capable of withstanding the following

vibration criteria without suffering any physical damage or

degradation:

RANDOM VIBRATION CRITERIA

20 - 175 Hz @ +6 dB/Octave
2

175 - 350 Hz @ 6.0 g /Hz

350 - 2000 Hz @ -3 dB/Octave

- ,85.99 g r.m.s.,

3.3 Electrical and Nuclear

3.3.1 Extended Bias

The detectors shall be capable of operation at an extended

bias voltage of 500 volts dc over the warranty period with-

out suffering electrical damage.

3.3.2 Leakage Current

The detectors shall have a leakage current not to 'exceed

2.5 microamperes at 350 volts bias at 250 C + 10 C, and 4.0

microamperes at 500 volts bias at 25°C I 10 C. The tempera-

ture coefficient of the leakage current shall be such that

the current increases by no more than a factor of two (2)

for each 8°C temperature rise above 250 C. The leakage current

shall increase by not more than 25 percent per month of the

value measured on the first acceptance test, referred to

25 0 C _ loC.

·2 24



3.3.3 Noise

The detectors shall have a FWHM noise of < 30 keV* at a bias

of 350 volts at 250 C + 1°C, utilizing a shaping amplifier

with double differentiation and double integration time con-
**

stants of 0.36 microseconds. The temperature coefficient

of the noise shall be such that it increases by no more

than a factor of 1.41 for each 80 C rise above 250 C.

The detectors shall be free of "contact" and "microplasma"

noise and shall exhibit a count rate of < .05 c£t above a
sec

200 keV discriminator level due either to noise of any kind

or radioactive contamination, all at temperatures from

-500 C to 250 C, utilizing a shaping amplifier with double

differentiation and double integration time constants of

0.36 microseconds.

Furthermore the noise of the detector shall increase by no

more than 15 percent per month of the value measured on the

first acceptance test, referred to 250 C ± 10 C.

3.3.4 Electron Resolution and Spectral Characteristics

The detectors shall exhibit a ElHM resolution of < 45 keV*

for the 972 keV conversion electron line of Bi-207 when

the electrons impinge on the entire lithium face (uncollimated)

of the detector.

* Including electronic noise

** See 3.3.7

225

ri

4



3.3.4 Continued

The ratio of the number of counts in the peak channel of

·the 972 keV line to the number of *counts in the peak channel

of the 482 keV line of the Bi-207 spectrum shall be > 1.3

(with background not subtracted). These tests are to be

carried out at 350 volts bias, 250 C ±+ 1°C, with double

differentiation, and double integration shaping amplifier

time constants of 0.36 microseconds.**.
'

During these tests a pulser shall be fed into the test input

of the preamplifier and a pulser peak accumulated with the

electron spectrum.

3.3.5 Bias Tabulation

Data shall be tabulated on the total time that bias was

applied to the detectors, including the temperature and

the bias voltage. The time shall be tabulated to within

+15 percent, and the temperature to within ±2°C.

3.3.6 Calibration

The electronic system used for the tests of 3.3.3 and 3.3.4

shall be calibrated using a high quality detector of

known characteristics. Namely:

1. Entrance window < 1 micron equivalent of silicon.

2
2. Active area > 50 mm 

** See 3.3.7
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3.3.6' Continued

3. Depletion depth < 2 nml.

4. Electron resolution:

< 23 keV for 972 keV Bismuth-207 electrons

All measurements shall be performed using a preamplifier

with a noise of < (7 keV + 0.1 k ) and a shaping amplifier

with double differentiation and double integration time

constants of 0.36 microseconds** with the calibration detector

biased for full charge collection.

During these tests a pulser shall be fed into the test input

of the preamplifier and a pulser peak accumulated with the

electron spectrum.

3.3.7 Shaping Time Constants

Although the detector parameters must be warranted with the

specified shaping time constants, the vendor may, at his

option, measure the pertinent parameters with double

differentiation, single integration time constants of

0.4 microseconds.

3.3.8 Silicon Reserves

The remnants of the silicon ingot(s) from which the detectors

are fabricated shall be reserved for LEC for possible future

fabrication of EPS detectors for a period of 24 months from

the beginning of the contract.

** See 3.3.7
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3.3.9 Lithium Drift Rate

The lithium drift rate in the silicon ingot(s) used for the

EPS detectors shall be measured and specified at 250C ± 10 C.

The accuracy of the measurement shall be within ±25 percent.

4.0 ACCEPTANCE TESTS

4.1 Initial Acceptance Tests (performed by Vendor)

The detector shall undergo the following initial acceptance

tests performed by the vendor at the place of manufacture.

Lockheed Electronics Company reserves the right to have its

:engineers present at any or all of these tests.

4.1.1 Thermal Cycle

The detectors shall undergo one thermal cycle, from 250 C to

-50°C to 60 °C to 25°C, with the temperature remaining at the

extremes for one hour.

4.1.2 Detector Biasing

After the thermal cycle the detectors shall be biased for

-at least two weeks at 350 volts at 23°C ± 20 C.

-4.1.3 Leakage and Noise

During the biasing period, leakage, noise, and detector

temperature shall be measured and recorded for each detector

- every seventy-two hours ± 2 hours.

-f4.1.4 Electron Response

At the end of the two weeks biasing period, leakage current,

noise, and response to a Bismuth-207 source shall be measured

and recorded.
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4.1.5 Stability

If, at the end of the two week biasing period, the leakage

current and/or noise of a particular detector have increased

by more than 20 percent (referred to 25°C) above their initial

values-as measured within 24 hours after the beginning of the

two week period, that detector shall be.rejected although it

might still satisfy the requirements of 3.3.2 and 3.3.3.

4.2 Final Acceptance Tests

Final acceptance of the detectors will occur approximately

--. six weeks after their delivery to Lockheed Electronics

Company and will be based upon tests performed by Lockheed

engineers.

5.0 RELIABILITY AND QUALITY ASSURANCE PROVISIONS

5.1 Certificate of Compliance

A certificate of compliance signed by the Quality Control

manager shall be included with each detector shipment. The

.certificate shall verify that the detectors were processed

in accordance with this specification and that all require-

ments have been met.

5.2 Traceability

The contractor shall assure that traceability required by

Standard No. 86 in MSCM 8080 can be provided for all parts

delivered.. All traceability identification to the parts

manufacturer's production, assembly, or test lot shall be

made available in a timely manner on request from LEC and/or

NASA/MSC. This traceability requirement is a one way,

backward traceability by part or lot code.
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5.3 Record Retention

All records assembled as a result of this specification shall

be retained by the manufacturer for at least two years

following completion of the order.

5.4 Test Data

Test data encompassing the items of paragraphs 3.1.4, 3.3.2

through 3.3.6, and 3.3.9 shall be supplied with each detector.

The data of 3.3.4 and 3.3.6 shall include plots of the

spectra involved.

5.5 Preparation for Delivery

5.5.1 Unit Preparation and Packaging

Each unit procured to this specification shall be clean, dry,

and packaged individually. The manner of packaging will

afford adequate protection against corrosion, deterioration,

and physical damage during shipment from supply source to

the first receiving activity.

5.5.2 Packing

The packaged units shall be packed in a manner that will

afford adequate protection against damage during direct

shipment from the supply source to the first receiving

activity. This pack shall conform to the applicable carrier

rules and regulations.

5.5.3 Marking

Each shipping container will be marked with the supplier's

name and the part number.
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5.5.4 Delivery

Unless otherwise specified, the supplier shall use his own

delivery facilities if delivery is local, and air express

if the distance is greater than 100 miles.

6.0 WARRANTY

The manufacturer shall guarantee the operation of the detectors

to the specification herein, when subjected to any combination

of the conditions specified herein, for a period of one year.
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1.0 SCOPE

This document defines the detailed high reliability

requirements for Bourns potentiometer models 3260

(RT26) and 3262 (RJ26) for use on the Electron-Proton

Spectrometer (EPS). Various resistance values and

lead configurations will be used and are covered by

this specification.

2.0 APPLICABLE DOCUMENTS

The following documents of the issue in effect on the

date of application shall form a part of this specifi-

cation to the extent specified.

MIL-R-27208, Variable Resistor General Specifications

MIL-R-22097, Variable Resistor, Non-Wire Wound

MSCM-8080, Manned Spacecraft Criteria and Standards

MIL-STD 202D, Test Methods for Electrical and Elec-

tronic Parts

3.0 RELIABILITY AND QUALITY ASSURANCE REQUIREMENTS

3.1 Certificate of Compliance

A certificate of compliance signed by the Quality

Control Manager shall be included with the device(s)
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3.1 (continued)

shipment. It shall verify that the potentiometers

were processed in accordance with this specification,

and that all requirements have been met.

Retention of Records3.2

The part supplier shall maintain and preserve records

of evidence of compliance for a period of one year

from the date of acceptance of the item by LEC. The

supplier shall make his records available upon request

from LEC or NASA/MSC.

Traceability

The vendor shall assure *that traceability required by

Standard No. 86 in MSCM 8080 can be provided. Iden-

tification to the part production, assembly and test

lot shall be recorded. All traceability information

shall be supplied on request of LEC or NASA/MSC. This

traceability requirement is for a one-way, backward

traceability by part or lot code.-

Preparation for Delivery

The potentiometers shall be packed in a suitable con-

tainer which will protect the body and leads of the

device during shipment.
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4.0 TESTS AND INSPECTIONS .

All components procured to this specification shall be

subjected to the following tests on a 100% basis and

in the sequence specified.

4.1 Resistance Measurement

Each potentiometer shall be tested in accordance with

MIL-STD-202D, Method 303. The following details shall

apply.

Test Voltage

Measurement of resistance shall be made by using the

test voltage in Table 1, This same voltage shall be

used whenever a subsequent resistance measurement

is made.

TABLE 1

Total Resistance,
Nominal

Ohms

Maximum Test
Voltage

Volts

10 to

100 to

1,000 to

10,000 to

100

1, 000

10,000

0.1 megohm

4.1.1

1.0

3.0

*10.0

30.0
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4.1.2 Total Resistance

Total resistance shall be measured between the

resistance-end elements, with the contact arm posi-

tioned against a stop. The positioning of the contact

arm and terminal shall be the same for all subsequent

measurements of the total resistance. The total re-

sistance shall not deviate from the specified nominal

by more than + 1%.

4.2 Temperature Cycling

Each potentiometer shall be tested in accordance with

Method 102A, Condition C, MIL-STD 202D.

Resistance measurements shall be made at the conclusion

of the final cycle. The resistance measurement shall

be within + 1% of specified values.

4.3 Vibration

Each potentiometer shall be tested in accordance with

Method 204, MIL-STD 202D. The following details shall

apply.

a. Test leads - Test leads used during this test

shall be no larger than AWG 22 stranded wire,

so that:the influence of the test leads on the

potentiometer shall be held to a minimum.

238

1.

. i



4.3 (continued)

b. Measurements before vibration - Total resistance

and setting stability shall be measured as speci-

fied in 4.6.2.1 and 4.6.9.1 respectively, 4MIL--R-

27208C.

c. Test condition D

d. Measurements during vibration - Each potentio-

meter shall be monitored to determine electrical

discontinuity of the resistance element, and

between the contact arm and element, by a method

that shall at least be sensitive enough to monitor

or register, automatically, any electrical dis-

continuity of 0.1 millisecond or greater duration.

e. Measurements after vibration - Setting stability

and total resistance shall be measured as speci-

fied in 4.6.9.1 and 4.6.2.1 respectively of MIL-

R-27208C.

f. Examination after vibration - Potentiometers

shall be examined for evidence of mechanical

damage.

4.3.1- Vibration Test Requirements

When potentiometers are, tested as specified, there

shall be no electrical discontinuity, and potentio-

meters shall meet the following requirements.
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4.3.1 (continued)

Setting stability - Change shall not exceed + 1%.

Total Resistance - Change shall not exceed + 1%.

Operating Torque - Shall not exceed 150% of spe-

cified operating torque.

Visual Examination - There shall be no evidence

of mechanical damage.

4.4 High Temperature Burn-In

4.4.1 Total Resistance and Setting Stability

Total resistance and setting stability shall be

measured as specified in 4.6.2.1 and 4.6.9.1 respec-

tively of MIL-R-27208C. The potentiometers shall then

be exposed to an ambient temperature of 1500 C +5 0°C

with power off, for a period of 168 hours. Not less

than 2 hours after the end of the exposure time, the

total resistance and setting stability shall be

measured. Torque shall be measured as specified in

4.6.8.1 of MIL-R-27208C. Dielectric withstanding

voltage and insulation resistance shall be measured

as specified in 4.6.6.1 and 4.6.7 respectively of

MIL-R-27208C.

4.4.2 Burn-In Test Requirements

When tested as specified, potentiometers shall meet

the following requirements:
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4.4.2 (continued)

a. Setting Stability - Change shall not exceed + 1%.

b. Total Resistance - Change shall not exceed + 1%.

c. Operating Torque - Shall not exceed 150% of

specified torque.

d. Dielectric Withstanding Voltage - There shall be

no evidence of damage, arcing, or breakdown. The

leakage current shall not exceed 1 milliampere.

e. Insulation Resistance - Shall not be less than

1,000 megohms.

f. Visual Examination - There shall be no evidence

of mechanical damage.
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TABLE 1

ELECTRICAL AND

ENVIRONMENTAL TESTS

Paragraph

Electrical

Total Resistance

Environmental

Temperature Cycle

Vibration

Burn-In
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This specification defines the high reliability re-

quirements of capacitors for the Electron-Proton

Spectrometer. The components shall be subjected to

the specified tests in the order given.

APPLICABLE DOCUMENTS

MIL-STD-202D, Test Methods for Electronic and Elec-

trical Parts 0

MSCM 8080, Manned Spacecraft Center Criteria and

Standards

QUALITY ASSURANCE-

Certificate of Compliance

A certificate of compliance signed by the quality

control manager shall be included with all units

shipped. It shall verify that the units were manu-

factured in accordance with this specification and

that all requirements have been met.

Traceability

The Manufacturer will assure that traceability re-

quired by Std. 86 in MSCM 8080 can be nrovridap. Tn

addition, provisions will be made to record infor-

mation relating to the specific tests performed and

246
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3.2 (co

3.3

ntinued)

processes on each lot of parts. All traceability

information will be supplied to LEC and/or NASA/MSC

upon request.

Record Retention

The part supplier shall maintain and preserve records

of evidence of compliance and traceability for a period

of one year from date of acceptance by LEC. The sup-

plier shall make his records available upon request.

PREPARATION FOR DELIVERY

Unit Preparation and Packaging

Each unit procured to this specification shall be

clean, dry and packaged individually. The manner

of packaging will afford adequate protection against

corrosion, deterioration and physical damage during

shipment from supply source to the first receiving

activity.

Packing

The packaged units shall be packed in a manner that

will afford adequate protection against damage during

direct shipment from the supply source to the first

receiving activity. This pack shall conform to the

applicable carrier rules and regulations.
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4.-3 Marking

Each shipping container will be marked with the

supplier's name and the part number.

4.4 Shipping Method

Unless otherwise specified, the supplier shall use his

own delivery facilities if delivery is local, and air

express if the distance is greater than 100 miles.

5.0 ELECTRICAL AND ENVIRONMENTAL TESTS

5.1 Capacitance

Capacitors shall be tested in accordance with Method

302 of MIL-STD 202D. The following details shall

apply.

a. Test frequency 1 MHz + 100 kHz.

b. Limit of accuracy- + 10%.

5.2 Dissipation Factor

The dissipation factor of capacitors shall be measured

with a capacitance bridge or other suitable method at

the frequency and temperature specified. The inherent

accuracy of the measurement shall be +2% of the reading

plus 0.1% dissipation factor unless otherwise specified.

Suitable measurement techniques shall be used to mini-

mize errors due to connections between the measuring

apparatus and the specimen. The AC voltage actually
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5.2 (continued)

impressed across the specimen shall be as low as prac-

ticable. When a DC polarizing voltage is required, it

shall be as specified and shall exceed the peak AC vol-

tage impressed across the specimen; however the sum of

the peak AC and the DC voltages shall not exceed the

voltage rating of the specimen.

The following details shall apply.

a. Test frequencies 60 cps, 120 cps, 1 KC, 100 KC

and 1 megacycle.

b. Test temperature 250 C.

The dissipation factor shall be not greater than the

percent indicated in the applicable specification

sheet.

5.3 Temperature Cycling

Capacitors shall be tested in accordance with Method

102 of MIL-STD 202D. The following details shall

apply.

a. Conditioning prior to first cycle - 15 minutes at

standard temperature.
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5.4 Burn-In

Capacitors shall be tested in accordance with Method 108A

of MIL-STD 202D. The following details shall apply:

a. Test temperature - 85 0 C + 30 C

b. Length of test - minimum of 168, +16, -0 hours.

5.4.1 Operating Conditions

Capacitors tested shall be subjected to the dc rated

voltage. The surge current shall be not less than 3 0 ma

nor more than 50 ma.

5.4.2 Measurements During and After Exposure

At the conclusion of this test and while the capacitors

are at the applicable test temperature, the insulation

resistance shall be measured in accordance with Method

302, MIL-STD 202D, Condition C. The insulation resis-

tance shall not be less than 10,000 megohms. The speci-

mens shall be returned to 25°C and Paragraph 5.1 and 5.2

shall be repeated.

5.4.3 Corona Start Voltage

The capacitors shall be tested in acordance with Method

105C, MIL-STD 202D. The following details shall apply.

a. Corona start voltage measured and recorded.

b. Minimum acceptable value of corona start voltage

- for any unit is 1000 volts RMS.
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1.0 SCOPE

This specification defines the high reliability require-

ments of resistors for the Electron-Proton Spectrometer.

The components shall be subjected to the specified tests

in the order given.

2.0 APPLICABLE DOCUMENTS

MIL-STD 202D, Test Methods for Electronic and Electri-

cal Component Parts

MIL-R-10509-F, Resistor Fixed Film, General Specifica-

tion For

MSCM 8080, Manned Spacecraft Center Standards and Cri-

teria

3.0 QUALITY ASSURANCE REQUIREMENTS

3.1 Certificate of Compliance

A certificate of compliance signed by the Quality Con-

trol Manager shall be included with the device(s) ship-

ment. It shall verify that the resistors were processed

in accordance with this specification, and that all

requirements have been met.

3.2 Retention of Records

The part supplier shall maintain and preserve records

of evidence of compliance for a period of one year
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3.2 (continued)
.. · .. - :

from the date of acceptance of the item by LEC. The

supplier shall make his records available upon request

from LEC or NASA/MSC.

3.3 Traceability

The vendor shall assure that traceability required by

Standard No. 86 in MSCM 8080 can be provided. Iden-

tification to the part production, assembly, and test

lot shall be recorded. All traceability information

shall be supplied on request of LEC or NASA/MSC. This

traceability requirement is for a one-way, backward

traceability by part or lot code.

3.4 Preparation for Delivery

The resistors shall be packed in a suitable container

which will protect the body and leads of the device

during shipment.

4.0 ELECTRICAL TESTS

4.1 Electrical Parameters

Measure the following parameters and record the results

on an appropriate data sheet beside the applicable

serial number. Reject devices exceeding the limits

shown.
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.4.1 (continued)

a. R (resistance) per method 302 of MIL-STD-202D.

Limit = ± 1% of designated value.

b. IR (insulation resistance) per method 302 of

MIL-STD 202D. VR = 200 V, limit = 1000 megohm

minimum.

Resistance Value by Type.

R in ohms

800 K

50 K

10 M

100 K

4.99 M

2.49 M

2.0 tM

1.33 K

Tolerance

± 1%

± 1%

± 1%

± 1%

± 1%

± 1%

±+ 1%± 1%

ENVIRONMENTAL

Temperature Cycle

Temperature cycle per MIL-STD-202D, Pethod 102A,

Test Condition C, and MIL-R-10509F, Paragraph

4.6.4.
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MK 132

MK 650

MG 660

MG 650

MG 650

MG 650
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Burn-In

Subject each resistor to a burn-in test for 168 hours

under the following conditions:

Temperature - 125°C

Operate at rated power.

The resistance change shall not be more than 0.5%

from initial measured value, or out of initial tol-

erance, before and after burn-in.

FINAL SCREEN6'.0

Measure and

within + 1%

than + 0.5%
I

record resistance. Resistance shall be

of nominal and shall not change greater

from initial reading.
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TABLE 1

ELECTRICAL AND
ENVIRONMLENTAL TESTS

Paragraph

Electrical

Environmental

Temperature Cycle

Burn-in

Final Screen
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PROCUREMENT SPECIFICATION

FOR

CADDOCK RESISTORS

TYPE 1712-100 MEG

Document Number EPS-168

/1

Prepared by

Lockheed Electronics Company

Houston Aerospace Systems DiVision

Houston, Texas

Under Contract NAS 9-11373

for

National Aeronautics and Space Administration

Manned Spacecraft Center

Houston, Texas

259

.%.

I . .

A::



PROCUREMENT SPECIFICATION

FOR

CADDOCK RESISTORS

TYPE 1712-100 MEG

Prepared by:

Approved by\:

P. Gleeson
Reliability and Quality
Assurance Engineer

W. A. Oliveira
Staff Engineer

B. E. vurtsinger
Engineering Supervisor

B. C. Hall
Program Manager

Electron-Proton Spectrometer Program

Advanced Programs Department

Lockheed Electronics Company

Houston Aerospace Systems Division

260

I. .- * I, 1' f l .

I_1 .

I



TABLE OF CONTENTS

1.0 SCOPE

2.0 APPLIC

3.0

3.1

3.2

3.3

3.4.

CABLE DOCUMENTS

QUALITY ASSURANCE REQUIREMENTS

Certificate of Compliance

Retention of Records

Traceability

Preparation for Delivery

4.0

4.1

5.0

5.1

5.2

6.0

ELECTRICAL TESTS

Electrical Parameters

ENVIRONMENTAL

Temperature Cycle

Burn-In

FINAL SCREEN

2.61

I -

Page

7-4

7-4

7-4

7-4

7-4

7-5

7-5

* 7-5

7-5

-7-6

7-6

7-6

7-6

,: ''



1.0 SCOPE

- This specification defines the high reliability require-

ments of resistors for the Electron-Proton Spectrometer.

The components shall be subjected to the specified tests

in the order given.

2.0 APPLICABLE DOCUMENTS

MIL-STD 202D, Test Methods for Electronic and Electrical

Component Parts

MIL-R-10509F, Resistor Fixed Film, General Specification

For

MSCM 8080, Manned Spacecraft Center Standards and Criteria

3.0 QUALITY ASSURANCE REQUIREMENTS

3.1 Certificate of Compliance

A certificate of compliance signed by the Quality Control

Manager shall be included with the device(s) shipment.

It shall verify that the resistors were processed in accor-

dance with this specification, and that all requirements

have been met.

3.2 Retention of Records

The part supplier shall maintain and preserve records of

evidence of compliance for a period of one year from the

date of acceptance of the item by LEC. The supplier shall

make his records available upon request from LEC or NASA/MSC.
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3.3 Traceability

The vendor shall assure that traceability required by

Standard No. 86 in MSCM 8080 can be provided. Identifi-

cation to the part production, assembly and test lot shall

be recorded. All traceability information shall be supplied

on request of LEC or NASA/MSC. This traceability require-

ment is for a one-way, backward traceability by part or lot

code.

3.4 Preparation for Delivery

The resistors shall be packed in a suitable container which

will protect the body and leads of the device during ship-

ment.

4.0 ELECTRICAL TESTS

4.1 Electrical Parameters

Measure the following parameters and record the results on

an appropriate data sheet beside the applicable serial

number. Reject devices exceeding the limits shown.

a. R (resistance) per method 302 of MIL-STD 202D.

Limit = +1% of designated value.

b. IR (insulation resistance) per method 302 of MIL-

STD 202D. VR = 200V, limit = 100,000 megohm minimum.
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ENVIRONMENTAL

-5.1 Temperature Cycle

Temperature cycle per MIL-STD 202D, Method 102A, Test

Condition C, and MIL-R-10509F, Paragraph 4.6.4.

The parameters specified in Paragraph 4.1 shall be moni-

tored. Any unit failing the electrical parameters shall

be rejected.

5.2 Burn-In

Subject each resistor to a burn-in test for 168 hours

under the following conditions:

Temperature - 125°C

Operate at rated power.

The resistance change shall not be more than 0.5% from

initial measured value, or out of initial tolerance,

before and after burn-in.

FINAL SCREEN

Measure and record resistance. Resistance shall be

within +1% of nominal and shall not change greater than

+0.5% from initial reading.
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TABLE 1

ELECTRICAL AND

ENVIRONMENTAL TESTS

Paragraph

Electrical

Environmental

Temperature Cycle

Burn-In

Final Screen
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PROCUREMENT SPECIFICATION

FOR

CAPACITOR (VARIABLE) RVC 12

Document Number EPS-232

Prepared by

Lockheed Electronics Company

Houston Aerospace Systems Division

Houston, Texas

Under Contract NAS 9-11373

for

National Aeronautics and Space Administration

Manned Spacecraft Center

Houston, Texas

266

. . .

.. ' .,'. '. - -... .
. . . .

. . . .

. . . .

:

. .

.

.1 .



PROCUREMENT SPECIFICATION

FOR

- CAPACITOR (VARIABLE) RVC 12 

P. Gleeson
Reliability and Quality
Assurance Engineer

Approved b . ,l/ ffl /f._
W. A. Oliveira
Staff Engineer

E. Curtsinger
Engineering Supervisor

-.-C. Hall
Program Manager

Electron-Proton Spectrometer Program

Advanced Programs Department

Lockheed Electronics Company

Houston Aerospace Systems Division

267



TABLE OF CONTENTS

Page

8-4

8-4APPLICABLE DOCUMENTS

RELIABILITY AND QUALITY ASSURANCE REQUIREMENTS 8-4

Certificate of Compliance 8-4

Traceability : 8-4

Record Retention - 8-5

PREPARATION FOR DELIVERY

Unit Preparation and Packaging

Packing

Marking

ELECTRICAL AND ENVIRONMENTAL TESTS

Capacitance

Dissipation Factor

x Dielectric Withstanding Voltage

Temperature Cycling

Vibration

Burn-in

External Visual

I268

SCOPE1.0

2.0

3.0

3.1

3.2

3.3

4.0

4.1

. 4.2

4.3

5.0

5.2

5.3

- 5 r 4

5.6

5.7
I

8-5

8-5

8-5

8-5

8-6

8-6

8-7

8-7

8-8

8-8

8-10

8-10

. l. °,I

. . 11

-I

AC

I

. .

. . .

- .. .

: - . .
. . . . . . .

.. . . .

i,



SCOPE

This specification defines the high reliability require-

ments of variable capacitors for the Electron-Proton

Spectrometer. The components shall be subjected to the

specified tests in the order given.

2.0 APPLICABLE DOCUMENTS

MIL-STD 202D, Test Methods for Electronic and Electrical

Parts

MSCM 8080, Manned Spacecraft Center Criteria and Standards

3..0 RELIABILITY AND QUALITY ASSURANCE REQUIREMENTS

3.1 Certificate of Compliance

A certificate of compliance signed by the quality con-

trol manager shall be included with all units shipped.

It shall verify that the units were manufactured in

accordance with this specification and that all require-

ments have been met.

3.2 Traceability

The manufacturer will assure that traceability can be traced

to the lot dz.te and/or code of the lot the parts procured to

this specification was taken from. All traceability informa-

tion will be supplied to LEC and/or NASA/MSC upon request.
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Record Retention

The part supplier shall maintain and preserve records

of evidence of compliance and traceability for a period

of one year from date of acceptance by LEC. The supplier

shall make his records available upon request from LEC

or NASA/MSC.

4.0

4.1

PREPARATION FOR DELIVERY

Unit Preparation and Packaginp

Each unit procured to this specification shall be clean,

dry and packaged individually. The manner of packaging

will afford adequate protection against corrosion, deter-

ioration and physical damage during shipment from supply

source to the first receiving activity.

.2 -Packing

The packaged units shall be packed in a manner that will

afford adequate protection against damage during direct

shipment from the supply source to the first receiving

activity. This pack shall conform to the applicable

carrier rules and regulations.

.3 Marking

Each shipping container will be marked with the supplier's

name and the part number.
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ELECTRICAL AND ENVIRONMENTAL TESTS

5.1
.

.

. . . .

. . .

. : . ..
. .

. .

.

Capacitance

Capacitors shall be tested in accordance with Method 305

of MIL-STD 202D. The following details shall apply.

a. Test frequency - 1 mHz + 100 kHz.

b. Limit of accuracy - + 2% or 0.5 picofarad, which-

ever is greater.

5.2 -Dissipation Factor

The dissipation factor of the capacitors shall be meas-

ured at both maximum and minimum capacitance setting at

a frequency of 1 mHz + 100 kHz. The accuracy of the

measurement shall be at least 0.2%.

5.3 Dielectric Withstanding Voltage

Terminal to Terminal - Capacitors shall be tested in

accordance with Method 301 of MIL-STD 202D. The follow-

ing details shall apply:

a. Magnitude of test voltage - 2.2 times applicable

rated dc voltage.

b. Duration of application of test voltage - 3, +2

seconds.

c. Points of application of test voltage - between

terminals.

d. Limiting value of surge current - 50 milliamps.
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5.3 (continued)

When measured as specified, capacitors shall withstand

the dc current potential without damage, breakdown or

flashover.

5.4 Temperature Cycling

Capacitors shall be tested in accordance with Method

102A, Test Condition C, MIL-STD 202D. Examination and

measurements shall be made after final cycle.

Capacitors shall be examined visually for evidence of

mechanical damage; dielectric withstanding voltage

(paragraph 5.3), capacitance (paragraph 5.1) and dissi-

pation factor (paragraph 5.2) shall be measured as

specified in the referenced paragraphs.

Vibration

The capacitors shall be tested in accordance with tAIL-

STD 202D, Method 204, Condition B, one sweep from 15

to 2000 cycles, with a time duration of 10 minutes.

The following details shall apply.

a. Capacitors shall be rigidly mounted on a mounting

fixture by normal mounting means. The mounting

fixture shall be so constructed as to preclude

any resonances within the test range.
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(continued)

b. Measurements prior to vibration - Capacitors shall

be set at approximately 90% to 95% of maximum

rated capacitance, and capacitance shall be meas-

ured to four places.

c. Electrical-load conditions - During the test a

potential of 125% of rated dc voltage shall be

applied between the terminals of the capacitor.

d. Test Condition - Letter B.

e. Measurement during vibration - During the last

cycle in each direction, an electrical measurement

shall be made to determine intermittent contacts.

Intermittent contacts of 0.5 ms or greater, or

open or short circuiting shall be considered a

failure.

f. Examination after vibration - Capacitors shall be

visually examined for evidence of mechanical

damage.

g. Final Measurements - After the final vibration cycle,

the initial capacitance setting shall not be dis-

turbed. The change in the initial setting as de-

fined in paragraph 5.5b shall not exceed .03%.

Dielectric withstanding voltage, capacitance and

dissipation factor shall be measured as specified

in paragraph 5.3, 5.1 and 5.2 respectively.
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5.6 Burn-in

The capacitors shall be subjected to burn-in tempera-

ture of 1250 C for 168 hours +16, -O hours. The follow-

ing operating conditions shall apply:

a. The capacitors shall be subjected to the maximum

rated voltage. The surge current shall not exceed

50 ma.

b. Measurement during and after exposure: At the

conclusion of this test and while the capacitors

are still held at the maximum rated temperature,

the dielectric withstanding voltage and capaci-

tance.shall be measured as specified in Paragraph

5.3 and 5.1 respectively. The capacitors shall

be returned to normal temperature and visually

examined for evidence of mechanical damage. The

capacitance and dissipation factor shall be meas-

ured as specified in Paragraph 5.1 and 5.2 respec-

tively.

External Visual

The dimensions of each device shall conform to the

configuration shown in Figure 1.
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ELECTRICAL AND ENVIRONMENTAL TESTS

Capacitance

Dissipation Factor

Dielectric Withstanding

Temperature Cycling

Vibration

Burn-in

External Visual

Paragraph
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5.2
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5.6
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FIGURE 1. LEAD CONFIGURATION OF RVC 12
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1.0 SCOPE

This specification defines the high reliability require-

ments of Inductors for the Electron-Proton Spectrometer.

The components shall be subjected to the specified tests

in the order given.

2.. 0 APPLICABLE DOCUMENTS

MIL-STD 202D, Test Methods for Electronic and Electrical

Parts

MSCM 8080, Manned Spacecraft Center Criteria and Standards

MIL-C-15305D, Coils, Fixed and Variable, General Specifi-

cations For

3 .0 - QUALITY ASSURANCE

3.1 Certificate of Compliance

A certificate of compliance signed by the quality control

manager shall be included with all units shipped. It shall

verify that the units were manufactured in accordance with

this specification and that all requirements have been met.

3.2 Traceability

The Manufacturer will assure that traceability required by

Standard 86 in MSCM 8080 can be provided. In addition,

provisions will be made to record information relating to

the specific tests performed and processes on each lot of

parts. All traceability information will be supplied to

LEC and/or NASA/MSC upon request.
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3.3 Record Retention

The part supplier shall maintain and preserve records of

evidence of compliance and traceability for a period of

one year from date of acceptance by LEC. The supplier

shall make his records available upon request.

PREPARATION FOR DELIVERY

Unit Preparation and Packaging

Each unit procured to this specification shall be clean,

dry and packaged individually. The manner of packaging

will afford adequate protection against corrosion, deter-

ioration and physical damage during shipment from supply

source to the first receiving activity.

Packing

The packaged units shall be packed in a manner that will

afford adequate protection against damage during direct

shipment from the supply source to the first receiving

activity. This pack shall conform to the applicable

carrier rules and regulations.

Marking

Each shipping container will be

name and the part number.

marked with the supplier's
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4.4 Shipping Method

Unless otherwise specified, the supplier shall use his

own delivery facilities if delivery is local, and air

express if the distance is greater than 100 miles.

5.0 ELECTRICAL AND ENVIRONMENTAL TESTS

5.1 Dielectric Withstanding Voltage

The inductors shall be tested in accordance with Paragraph

4.8.2, MIL-C-15305D. There shall be no arcing, flash-

over, breakdown, or other damage.

5.2 Insulation Resistance

The inductors shall be tested in accordance with Paragraph

4.8.4, MIL-C-15305D. The insulation resistance shall be

not less than 1000 megohms.

5.3 "O" of Inductors

The test shall be performed using a Q meter such as Boonton

RCA Model 260A, or equivalent, and Boonton RCA Q-standard,

type 513A or equivalent. The tests shall be performed in

accordance with Paragraph 4.8.8.3 of MIL-C-15305D. The

"Q" of the inductors shall be 55 minimum at a frequency of

2.5 mHz.

5.4. DC Resistance (DCR)

Direct Current Resistance of the inductors shall be measured

in accordance with Method 303, MIL-STD 202D. Test Current

(IT) = 110 mA. The unit shall be considered failed if the

DCR is greater than 11.5 ohms.
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5.5 Temperature Cycling

Inductors shall be tested in accordance with Method 102

of MIL-STD 202D. The following details shall apply:

a. Conditioning prior to first cycle - 15 minutes at

standard temperature.

5.6 Burn-In

Inductors shall be tested in accordance with Method 108A

of MIL-STD 202D. The following details shall apply:

a. Test temperature - 1250 C + 30 C

b. Length of Test - minimum of 168, +16, -0 hours

5.6.1 Operating Conditions

Inductors tested shall be subjected to the DC rated

voltage. The rated current shall not be greater than

110 mA.

5.6.2 Measurements During and After Exposure

At the conclusion of this test and while the inductors

are at the applicable test temperature, the insulation

resistance shall be measured in accordance with Method

302, MIL-STD 202D, Condition C. The insulation resis-

tance shall not be less than 1,000 megohms. The speci-

mens shall be returned to 25°C and paragraph 5.1 through

5.4 shall be repeated.
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EPS-356
Vincent
9-16-71

PROCUREMENT SPECIFICATION FOR

BARRY CONTROLS VIBRATIONS ISOLATORS

1.0 SCOPE

1.1 Scope

This specification defines necessary procurement require-

ments for the Barrymount 6300 Series Isolator, to satisfy

design requirements and NASA Reliability and Quality.

Assurance provisions for the Electron-Proton Spectrometer.

2.0 APPLICABLE DOCUMENTS

The following documents of the issue in effect on the date

of application should form a part of this specification to

the extent specified herein.

NBH 5300.4(1B) Reliability and Quality Assurance Provisions

for Aeronautical and Space System Contractors.

3.0 QUALITY ASSURANCE REQUIREMENTS

3.1 Inspection, Measuring and Test Equipment

The vendor shall maintain and control inspection, measuring

and test equipment in accordance with paragraph 1B705 of

NHB 5300.4(lB).

3.2 Inspection and Test Records

Inspection and test records shall include part number,

identification of each mount and each set of isolators,

number of defects found, kind of defects, and acceptance

number. Records of inspection and tests shall be delivered

to Lockheed.
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3.3 Certificate of Compliance

A certificate of compliance signed by the Quality Control

; manager shall be included with the device shipment. It

shall verify that the isolators were processed in accord-

-ance with this specification and that all requirements

have been met.

3.4 Retention of Records

The part supplier shall maintain and preserve records of

evidence of compliance for a period of one year from the

·date of acceptance of the item by LEC. The supplier shall

imake his records available upon request from LEC or NASA/

MlSC.

3.5 Traceability

-The vendor shall assure that traceability required by

-Standard No. 86 in MSCM 8080 can be provided. Identifi-

.cation to the part production, assembly and test lot shall

-be recorded. All traceability information shall be supplied

on request of LEC or NASA/MSC. This traceability require-

-ment is for a one-way, backward traceability by part or

-lot code.

3.6 Preparation for Delivery

The isolators shall be packaged in a suitable container which

-will protect the body of the device during shipment.

287
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4.1 Physical Requirements

4.1.1 The vibration isolator required shall be of the pro-

portions of the Barrymount 6300 series isolator. However,

the mounting flanges shall be modified to the dimensions

shown in Fig. 4. Also, the spacer end plates shall be of

the dimensions shown in Fig. 4A.

4.1.2 Material

The vibration isolators shall be made from silicone

material which is 'Hi-Damp' Elastomer. Material shall
-8

be compatible with orbital vacuum (as low as 1 x 10 Torr).

Maximum Mission duration is 56 days.

4.1.3 Package Format

The EPS electronics package as supported on the isolators

will weigh 15.5 lbs. MAX., and be supported by 8 isolators.

The location of the isolators, together with the size and

C. G. position of the package is shown in Fig. 5.

4.1.4 Dynamic Envelone

Maximum permissable dynamic envelope for the package is

shown in Fig. 6.

4.1.5 System (Mount) Natural Freauencv

The system natural frequency shall be designed for 40 Hz

and must fall in the frequency range of 35 - 50 Hz.
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4.1.6 Damping Ratio

Desired Damping Ratio is .15, and shall not be less than

.12.

4.1.7 Central Bush

The Centre Bush shall be capable of withstanding a load

of 1700 lbs. (induced by the mounting screw tightening

torque) without failure or affecting mount properties.

4.1.8 Matching

The mounts shall be provided in matched sets of (8) eight

to eliminate as far as possible 'rocking' induced by

variations in mount stiffness.

4.1.9 Mounts shall be marked and identified individually.

5.0 TESTING

5.1 All vibration isolation mounts shall be tested to

determine their natural frequency and damping ratio in both

vertical and horizontal axes, and this information provided

to LEC.

5.2 Dynamic Testing

5.2.1 Isolation mounts shall be dynamically tested to the

environmental requirements of 6.2. This test data shall be

used to select the location of individual isolators within

each matched set. Location of mounts and test data to be

provided to LEC with matched sets of mounts.
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5.3 Temperature Testing

5.3.1 The mounts must meet or exceed a temperature

environment of -55° C to +1.250 C. The mounts shall be

tested or available data analyzed to show that the mounts

meet this requirement. Supporting data shall be furnished

to LEC.

6.0 ENVIRONMENTAL REQUIREMENTS

6.1 Vibration

6.1.1 Random Vibration

The Random Vibration Criteria imposed on the EPS are as

.follows:

QUALIFICATION

R-Axis

20 to 125 Hz

125 to 500 Hz

500 to 670 Hz

670 to 1100 Hz

'1100 to 2000 Hz

X-Axis

20 to 75 Hz

75 to 175 Hz

175 to 300 Hz

300 to 1000 Hz

1000 to 2000 Hz

+12 dB/oct increase

2.0 g2 /Hz

-9 dB/oct decrease

0.8 g 2 /Hz

-9 dB/oct decrease

+6 dB/oct increase

0.085 g 2/Hz

+6 dB/oct increase

0.25 g2 /Hz

-6 dB/oct decrease
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T-Axis

20 to 100 Hz

100 to 440 Hz

440 to 600 Hz

660 to 900 Hz

900 to 2000 Hz

+6 dB/oct increase

-0.04 g2 /Hz

+18 dB/oct increase
2

0.3 g2/Hz

-12 dB/oct decrease

The excitation shall act along each of the above axes for

a duration of ].40 seconds per axis. In addition, the

spectral density shall be increased by 4 dB above the

nominal for a duration of 10 seconds per axis. (See

Fig. 1 for Instrument Axes)

One isolator shall be subjected to the dynamic response of

the listed vibration criteria. The remaining isolators shall

be qualified by similarity. The data from the analysis

-:..shall be sent to LEC.
.~ "% 

6.1.2 Flight: 20 - 100 Hz

-100 - 2000 Hz

+3 dB/octave Total Duration
(increasing) -12 1/2 mins/Axis.

Constant at 0.15 g2/Hz.

6.2 Sinusoidal

5-35 Hz @ .25 G peak along each of three orthogonal axes

as follows: Sweep at 3 octaves per minute from 5 to 35

to 5 Hz.

The sinusoidal vibration test shall be accomplished on

100% of the isolators furnished to LEC.
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6.3 Acceleration

The EPS is subjected to a gradually increasing acceleration

load in the +X Axis for 140 seconds after lift-off. Fig. 2

shows the acceleration level versus time. The 10 second,

- 4 dB above nominal, burst occurs just prior to achieving

Mach. 1, and its location relative to the acceleration

level is also shown in Fig. 2.

One isolator shall be subjected to the dynamic response

of the listed acceleration tests. The remaining isolators

shall be qualified by similarity. The results of the

analysis will be sent to LEC.

6.4 Shock

6.4.1 Test Shock

The EPS Shock Test is in accordance with MIL-STD-810B,

Method 516, Procedures I and V. The shock pulse shape

for Procedure I shall be as shown in Fig. 516 -1 of

MIL-STD-810B. The peak value for Procedure I shall be

20 g. and the nominal duration of the pulse shall be

11 milliseconds.

Procedure I consists of three shocks in each direction

applied along three mutually perpendicular axes of the

test item (total of 18 shocks). The shock pulse shall

be of a saw tooth shape with an amplitude of 20 g's

and a duration of 11 milliseconds. The unit shall be

operated after the test and the results compared with

functional test results obtained before the shock test.
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Procedure V consists of placing the unit on a wooden

bench top at least 1 5/8 inches thick and performing

the following: With the unit resting on its one flat

surface lift one edge of the unit four inches and allow

the unit to drop back freely to the horizontal bench

top. Repeat using the other three edges as pivot points

for a total of four drops. Functionally test unit and

compare with previous test results.

One isolator shall be subjected to the dynamic response

of the shock criteria listed below. The remaining

isolators shall be qualified by similarity. The results

of the analysis shall be sent to LEC.

6.4.2 Flight Shock

In addition to the Test Shock conditions of Para. C.1,

the EPS is mounted in the command and service module

fairing area. The pyrotechnic separation of the (SLA)

from the CSM provides a shock response spectrum as

shown in Fig. 3.

The Flight Shock shall be proven by analysis. A summary

of the resulting data shall be sent to LEC.
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1.0 SCOPE

This document defines the necessary requirements for

the screening of transistor SS3520 to satisfy NASA

hiqh reliability requirements for the Electron-Proton

Spectrometer (EP$).

2.0 APPLICABLE DOCUMENTS

The following documents of the issue in effect on the

date of application shall form a part of this specifi-

cation to the extent specified herein.

MIL-STD 202D, Test Methods-for Electronic and Elec-

trical component parts

MIL-STD 750A, Test Methods for Semiconductor Devices

MIL-STD 883, Test Methods and Procedures for Micro-

electronics

NHB 5300.4(1A), Reliability Program Provisions for

Aeronautical and Space Systems Contractors

3.0 REQUIREMENTS FOR TEST LABORATORY SUBCONTRACTORS

3.1 Facilities

The subcontractor shall provide and maintain adequate

facilities for inspecting and testing electronic com-

ponents described in this specification.

,3.2-- Inspection, Measuring and Test Equipment

The subcontractor shall maintain and control inspec-

tion, measuring and test equipment in accordance with
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3.2 (continued)

NHB 5300.4 (1A). Upon request, the subcontractor shall

submit to Lockheed Electronics Company (LEC) for appro-,

val, a listing of equipment and their intended usage.

3.3 Calibration Records

-The subcontractor shall prepare and have available

for review by LEC, a written procedure and schedule

for the maintenance and calibration of such equipment

based on type, accuracy, purpose and degree of usage.

Records of calibration shall be maintained and the

calibration due date, or other identification attes-

ting the due date of the next calibration, shall be

displayed on each item of this equipment.

3.4 Calibration Traceability

Standards used for calibration shall be traceable to

the National Bureau of Standards (NBS). No more than

five steps shall be used to establish traceability

from actual inspection and test equipment to the NBS.

4.,0 - RELIABILITY AND QUALITY ASSURANCE PROVISIONS

4.1 General

The, procedures and methods of testing the transis-

tors in accordance with this specification shall meet

the general requirements of MIL-STD-202D.
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4.2 Screening Inspections and Tests

Each transistor supplied shall be submitted in the

sequence specified to the inspections and tests of

Table 1. -

4.3 Inspection and Test Data

A suunary of the transistor data obtained during

each inspection or test shall be prepared and sub-

mitted with the transistors to LEC. This summary

shall list all transistors that failed electri-

cal tests and the number that failed each para-

meter. The raw test data shall also he delivered

to LEC with the transistors.

4.4 Inspection and Test Records

Inspection and test records shall include part num-

ber, serial number, inspection or test number, number

of defects found, kinds of defects, acceptance number

and the disposition inspector's identity. Records of

all inspections and tests shall be delivered to LEC

along with the transistors.

4.5 Serialization

All transistors shall be serialized in a manner that

will be permanent during use and testing periods.
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4.6 Reject Disposition

Each transistor that fails the inspections and tests

of Table 1 shall be marked with a red dot and placed

in a reject bag, and tagged to note unit part number,

serial number and inspection or test failed. These

units shall also be delivered to LEC. Use 3M-401-5D

paint for marking of parts.

4.7 Marking of Acceptable Parts

Transistors which meet the requirements of this speci-

fication shall be identified with a permanent green

dot placed on the body of the transistor. The dot shall

be placed on the body at a point which will not inter-

fere with reading the manufacturers part number or date

code identification. Use 3M-401-G3 paint for marking

of parts.

4-.8 Acceptance

Preliminary inspection for compliance with the re-

quirements of this specification may be performed at

origin by an authorized representative of the Govern-

ment. Final acceptance for the Contracting Officer

shall be performed by the assigned project engineer.

4.9 Certificate of Compliance

A certificate of co.-i.-iance signed by the Quality

Control manager shall be included with the device

shipment. It shall verify that the transistors
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4.9 (continued)

were processed in accordance with this specification

and that all requirements have been met.

Notification of Government Source Inspector4 .10

The Government Representative who has been delegated

quality assurance function at your test facility shall

be notified immediately upon receipt of this order.

PREPARATION FOR DELIVERY

Type of Packaging

Each transistor shall be packaged in a suitable con-

tainer which will protect the body and leads of the

device during shipment. The rejected parts shall be

identified and packaged separately from the accep-

table items.

Packaging for Shipment

The transistors packaged in accordance with paragraph

5.1 shall be packed to afford protection against damage

during direct shipment from the test laboratory to the

receiving activity. Containers will comply with the

carrier's rules and regulations applicable to the mode

of transportation.
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INSPECTION AND TEST METHODS

External Visual

The transistors shall be examined to verify that the

materials, design, construction, marking and workman-

ship are in accordance with the applicable require-

ments.

Electrical

All electrical tests shall be performed at an ambient

temperature of 25°C unless otherwise noted.

Collector-Base Cutoff Current

VCB 15 VDC

I 0E

The collectcr-base cutoff current shall be tested in

accordance with Method 3036, Condition D, MIL-STD

750A.

The unit shall be considered failed if the I is
CBO

greater than 10 nA dc.

Collector - Base Breakdown Voltage

IC 1.0 IA dc
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6.2.2 (continued)

IE =0E

The collector - base breakdown voltage shall be tested

in accordance with Method 3001.1, Condition D, MIL-STD

750A.

The unit shall be considered failed if BVCB is less
CBO

than 35 VDC.

Emitter - Base Breakdown Voltage

I
E
=10 A dc

I. 0
C

The emitter - base breakdown voltage shall be tested

in accordance with Method 3026.1, Condition D, MIL-STD

750A.

The unit shall be considered failed if the BV is
EBO

less than 3.0 VDC.

Collector - Emitter Breakdown Voltage

I C = 3.0 mA dc (pulsed)

I = 0BPulse width 300 

Pulse width 4- 300 lis

Duty Cycle = 1%
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6.2.4 (continued)

The collector - emitter breakdown voltage shall be

tested in accordance with Method 3011.1, Condition

D, MIL-STD 750A.

The unit shall be considered failed if the BVCEO is

less than 20 VDC.

Forward Current Ratio (hfe)

V =15 VDC
CE

I = 2.0 mA dc

f = 1.0 kHz

The forward transfer ratio shall be tested in accor-

dance with Method 3206, MIL-STD 750A.

The unit shall be considered failed if the hfe is

less than 100.

Base - Emitter Saturation Voltage

IC = 10 mA dc

I 1.0 mA dc
B

The base-emitter saturation voltage shall be tested

in accordance with Method 3066.1, MIL-STD 750A..
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6.2.6 (continued)

The unit shall be considered failed if the VBE(Sat)

is greater than 1.0 VDC.

Collector - Emitter Saturation Voltage

IC = 10 mA dc

I = 1.0 mA dcI 1.0 mA dc
B

The collector - emitter saturation voltage shall be

tested in accordance with Method 3071.1, MIL-STD 75CA.

The unit shall be considered failed if the VcE(Sat) is

greater than 0.4 VDC.

Unity Gain Frequency

VCE 15 VDC

I 1 mA
C

f = 100 MHz

The Unity Gain (ft) shall be tested in.accordance with

Method 3261, Use, Method 3306.1, Condition A to deter-

mine the magnitude of the common emitter small-signal

short-circuit transfer ratio. The unit shall be con-

sidered failed if the f is less than 500 MHz.
t

Electrical Intermediate

Forward - Current Transfer Ratio (hFE)

V 2.0 VDCCE

I
C

= 2.0 mA dc (pulsed)'

Pulse Width = 300 ps
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6.3.1 (continued)

Duty Cycle = 1%.

The forward current transfer ratio (hFE) shall be

-tested in accordance with Method 3076.1, MIL-STD 750A.

The unit shall be considered failed if the hFE is

less than 75.

Environmental

6.4.1 High Temperature Storage

The transistor shall be exposed to a temperature of

2000 C, +O0C, -100 C, for a period of 48 hours, +24

hours, -0 hours.

Temperature Cycling

The transistor shall be tested in accordance with MIIL-STD

202D, Method 102, Condition C. The transistor shall be

subjected to five cycles performed continuously.

6.4.3 Acceleration

The transistor shall be tested in accordance-with MIL-STD

750A, Method 2006. The transistor shall be accelerated

for one minute in the Y 1 plane at a level of 20,000 g's.

-6.4.4. Fine Leak

The transistor shall be tested in accordance with MIL-STD

202D, Method 112, Condition C. The units shall be.sub-

jected to a pressure of 60 psig, + 10 psig, in a helium

atmosphere for a minimum period of four hours.
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6.4.4 (continued)

The units shall then be placed in a mass spectrometer to

measure helium leakage. Units exhibiting leak rates in

excess of 108 atm-cc/sec shall be considered failed.

6.4.5 Gross Leak

The transistor shall be tested in accordance with MIL-STD

883D, Method 1014, Condition C, at a temperature of 125°C

+ 100 C. The unit shall be submerged to a minimum of one

inch into the hot liquid and observed for a minimum of

one minute. Any unit emitting a continuous stream of

bubbles shall be considered failed.

6.4.6 Vibration

Each transistor shall be tested in accordance with MIL-STD

202D, Method 204A, Cond. C. The following shall apply:

1. Non-operating

2. Perform 2.4.2 part 2 only. The entire frequency

range of 55 to 2000 cycles (no return sweep) shall

be traversed in 10 + 3 minutes.

3. Paragraph 6.3, Electrical Intermediate, shall be

run after completion of vibration testing.

6.5 Burn-In

6.5.1 Heat Sink

The transistor shall be mounted on a heat sink whose

temperature will be maintained at 70CC, +15° C, -50 c.
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6.5.2 Test Conditions

The collector to emitter voltage VCE shall be set at 10

volts. The collector current I
C

shall be set to 15 mA dc.

6.5.3 Test Length

The test shall be run for 168 hours, +12, -0 hours.

Section 6.2 of this specification shall be rerun, and any

transistor failing any portion of Section 6.2 shall be

considered failed. Prior to the testing of Section 6.2,

the transistor shall be allowed to return to ambient

temperature (250C).

6.6 Radiographic Examination

6.6.1 Procedure

The transistor shall be X-rayed in two mutually perpen-

dicular planes. Maintain unit identity between units

and film position.

6.6.2 Acceptance

Examine film, using 10OX minimum magnification, and reject

units having the following defects or characteristics:

a. Poor chip mounting: any unit displaying less than

50% contact between chip and mounting base.

b. Extraneous material: any unit displaying extraneous

or foreign material that is not a normal portion of

the product.
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6.6.2 (continued)

c. Bonds and bond wires: any bond or bond wires that

are misplaced, loose or extra. Bond wires that are

within 0.005 inch of any area not electrically commnon

with the bond wire.

d. Miscellaneous: any anomaly which, in the opinion of

the inspector, will degrade performance or reliability

of the unit.
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TABLE I

ELECTRICAL AND ENVIRONMENTAL REQUIREMENTS

Electrical

Environmental

High Temperature Storage

Electrical

Temperature Cycling

Electrical

Fine Leak

Gross Leak

Electrical

Vibration

Burn-In

Radiographic Examination

Para.

Para.

Para.

Para.

Para.

Para.

Para.

Para.

Para.

Para.

Para.

Para.
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SCOPE

This document defines the necessary requirements for the

screening of transistor 2N2609 to satisfy NASA high reli-

ability requirements for the Electron-Proton Spectrometer

(EPS).

APPLICABLE DOCUMENTS

'The following documents of the issue in effect on the date

of application shall form a part of this specification to

the extent specified herein.

MIL-STD 750A, Test Methods for Semiconductor Devices

MIL-STD 202D, Test Methods for Electronic and Electrical

Component Parts

NHB5300.4(1A), Reliability Program Provisions for Aero-

nautical and Space Systems Contractors

REQUIREMENTS FOR TEST LABORATORY SUBCONTRACTORS

3.. -'Facilities

The subcontractor shall provide and maintain adequate

facilities for inspecting and testing electronic compo-

nents described in this specification.

Inspection, Measuring and Test Equipment

The subcontractor shall maintain and control inspection,

measuring and test equipment in accordance with NHB5300.4

(1A). Upon request, the subcontractor shall submit to
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3.2 (continued)

Lockheed Electronics Company (LEC) for approval, a listing

of equipment and their intended usage.

3.3 Calibration Records

The subcontractor shall prepare and have available for

review by LEC, a written procedure and schedule for the

maintenance and calibration of such equipment based on

type, accuracy, purpose and degree of usage. Records

of calibration shall be maintained and the calibration

due date, or other identification.attesting the due date

of the next calibration shall be displayed on each item

of this equipment..

3.4 Calibration Traceability

Standards used for calibration shall be traceable to the

National Bureau of Standards (NBS). No more than five

steps shall be used to establish traceability from actual

inspection and test equipment to the NBS.

4.0 ~ RELIABILITY AND QUALITY ASSURANCE PROVISIONS

4.1 General

The procedures and methods of testing the transistors in

accordance with this specification shall meet the general

requirements of MIL-STD 202D.

4.2 Screening Inspections and Tests

Each transistor supplied shall be submitted in the sequence

specified to the inspections and tests of Table 1.
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4.3 Inspection and Test Data

A summary of the transistor data obtained during each

inspection or test shall be prepared and submitted with

the transistors to LEC. This summary shall list all

transistors that failed electrical tests and the number

that failed each parameter. The raw test data shall also

be delivered to LEC with the transistors.

4.4 Inspection and Test Records

Inspection and test records shall include part number,

serial number, inspection or test number, number of

defects found, kinds of defects, acceptance number and

the disposition inspector's identity. Records of all

inspections and tests shall be delivered to LEC along

with the transistors.

4.5 Serialization

All transistors shall be serialized in a manner that will

be permanent during use and testing periods.

4.6 Reject Disposition

Each transistor that fails the inspections and tests of

Table 1 shall be marked with a red dot and placed in a

reject bag, and tagged to note unit part number, serial

number and inspection or test failed. These units shall

also be delivered to LEC. Use 3M Company's 3M-401-5D

paint for marking of parts.
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4.7 Marking of Acceptable Parts

Transistors which meet the requirements of this specifi-

cation shall be identified with a permanent green dot

placed on the body of the transistor. The dot shall be

placed on the body at a point which will not interfere

with reading the manufacturer's part number or date code

identification. Use 3M Company's 3M-401-G3 paint for

marking of parts.

4.8 Acceptance

Preliminary inspection for compliance with the requirements

of this specification may be performed at origin by an

authorized representative of the Government. Final accep-

tance for the Contracting Officer shall be performed by

the assigned project engineer.

4.9 Certificate of Compliance

A certificate of compliance signed by the Quality Control

manager shall be included with the device shipment. It

shall verify that-the transistors were processed in accor-

dance with this specification and that all requirements

have been met.

-4.10 Notification of Government Source Inspector

The Government Representative who has been delegated

quality assurance function at your test facility shall

be notified immediately upon receipt of this order.
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5.0 PREPARATION FOR DELIVERY

5.1 Type of Packaging

Each transistor shall be packaged in a suitable container

which will protect the body and leads of the device during

shipment. The rejected parts shall be identified and

packaged separately from the acceptable items.

5.2 Packaging for Shipment

The transistors packaged in accordance with paragraph 5.1

shall be packed to afford protection against damage

during direct shipment from the test laboratory to the

receiving activity. Containers will comply with the

carrier's rules and regulations applicable to the mode

of transportation.

6.0 INSPECTION AND TEST METHODS

6.1 External Visual

The transistors shall be examined to verify that the

materials, design, construction, marking and workman-

ship are in accordance with the applicable requirements.

6.2 Electrical

All electrical tests shall be performed at an ambient

temperature of 250 C unless otherwise noted.

6.2.1 Gate-Source Reverse Current

V =0 DS

VGS = -5 V-GS
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6.2.1 (continued)

Connect the transistor as shown in Figure 1.

DC voltage shall be applied between the gate

.:with the drain connected to the source.

The specified

and the source

R1
2K

dc Voltage
Source

FIGURE 1

The unit shall be considered failed if the I is greater
GSS

than 30 nA.

6.2.2 Gate-Drain Breakdown Voltage

I = 1 pA
G

V 0DS

Connect the transistor as shown in Figure 2.

R1
2K

Voltage
Source

FIGURE 2

328



6.2.2 (continued)

The voltage shall be gradually increased from zero to

the specified minimum value of BVGDS = 30V or until the

specified gate current is reached. The device is accep-.

table if the specified limit for BVGDS is reached before

the current reaches the specified value. If the speci-

fied current is reached first, the device is rejected.

6.2.3 Drain Current at Zero Gate Voltage

VDS= -5V

V 0
GS

Connect the transistor as shown in Figure 3.

Voltage
+ I iSource

FIGURE 3

The specified drain to source voltage is applied. The

device is accepted if the drain current IDSs falls between

the following values:

IDss (mi n ) = 2.0 mA

IDSS (max) = 10.0 mA
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6.2.4 Gate-Source Pinch-Off Voltage

VDs =-5V

ID = 1 VA

Connect the transistor as shown in Figure 4.

Rl
2K

Voltage
Source -

Voltage
Source

FIGURE 4

The drain-to-source voltage is applied and the gate-to-

source voltage increased until the drain current reads 1 PA,

for Vp(min)=lV, Vp(max)=4V. The device is acceptable if

the gate-to-source voltage (Vp) falls within the speci-

fied limits.

Intermediate Electrical

Drain-Current at Zero-Gate Voltage

VD = -5V

VGS
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6.3.1 (continued)

Connect the transistors as shown in Figure 3. The speci-

fied VDS is applied. The device is acceptable if the drain

current (I S ) falls between IDSS (min) = 2.0 mA and

I (max) = 10.0 mA.DSS

6.3.2 Gate-Source Reverse Current

V 5 V
GS

V 0
DS

Connect transistor as shown in Figure 1. The specified

DC voltage shall be applied between the gate and the

source with the drain connected to the source. The device

is considered failed if the IGSS is greater than 30 nA.

6.4 Environmental

6.4.1 High Temperature Storage

The transistor shall be exposed to a temperature of 200°C

+0°C, -10°C for a period of 48 hours, +24 hours, -0 hours.

6'.4.2 Temperature Cycling

The transistor shall be tested in accordance with MIL-STD

202D, Method 102, Condition C. The transistor shall be

subjected to five cycles performed continuously.

6.4.3 Acceleration

The transistor shall be tested in accordance with MIL-STD

750A, Method 2006. The transistor shall be accelerated

for one minute in the Y1 plane at a level of 20,000 g's.
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6.4.4 Fine Leak

The transistor shall be tested in accordance with MPIL-STD

202D, Method 112, Condition C. The units shall be subjec-

ted to a pressure of 60 psig + 10 psig, in a helium atmos-

phere for a minimum period of four hours. The units shall

then be placed in a mass spectrometer to measure helium

leakage. Units exhibiting leak rates in excess of 108

atm-cc/sec shall be considered failed.

6.4.5 Gross Leak

The transistor shall be tested in accordance with MIL-STD

202D, Method 112, Condition A, using ethylene glycol at

a temperature of 1250 C, + 10 0 C. The unit shall be sub-

merged to a minimum of one inch into the hot liquid and

observed for a minimum of one minute. Any unit emitting

a continuous stream of bubbles shall be considered failed.

6.4.6 Vibration

Each device shall be tested in accordance with MIL-STD

202D, Method 204A, Condition C. The following shall

apply.

E -; 1. Non-operating

2. Perform 2.4.2, Part 2 only

(a) The entire frequency range of 55 to 2000 cycles

(no return sweep) shall be traversed in 10 + 3

minutes
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6.4.6 (Continued)

3. Paragraph 6.3, Electrical Intermediate, shall be run

after completion of vibration testing.

. 6.5 Burn-In

6.5.1 Heat Sink

The transistor shall be mounted on a heat sink whose

temperature will be maintained at 70°C, +150 C, -50 C.

6.5.2 Test Conditions

V = -5V
DS

ID = IDSS

6.5.3 Test Length

The test shall be run for 168 hours, +12 hours, -0 hours.

Section 6.2 of this specification shall be rerun, and any

transistor failing any portion of Section 6.2 shall be

considered failed.

6.6 Radiographic Examination

6.6.1 Procedure

The transistor shall be X-rayed in two mutually perpen-

dicular planes. Maintain unit identity between units and

film position.
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6.6.2 Acceptance

Examine film, using 100X minimum magnification, and reject

units having the following defects or characteristics.

a. Poor chip mounting: any unit displaying less than

50% contact between chip and mounting base.

b. Extraneous material: any unit displaying extraneous

or foreign material that is not a normal portion of

the product.

c. Bonds and bond wires: any bond or bond wires that

are misplaced, loose or extra. Bond wires that are

within 0.005 inch of any area not electrically common

- with the bond wire.

.. d. Miscellaneous: any anomaly which, in the opinion of

the inspector, will degrade performance or reliability

of the unit.
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TABLE I

ELECTRICAL AND ENVIRONMENTAL

1.0 Electrical

2.0 Environmental

2.1 High Temperature Storage

2.2 Electrical Intermediate

2.3 Temperature Cycling

2.4 Electrical

2.5 Fine Leak

2.6 Gross Leak

2.7 Electrical

2.8 Vibration

2.9 Burn-In

2.10 Radiographic Examination

REQUIREMENTS

Para.

Para.

Para.

Para.

Para.

Para.

Para.

Para.

Para.

Para.

Para.

Para.
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1. 0 SCOPE

This document defines the necessary requirements for the

screening of Transistor 2N5333 to satisfy NASA high relia-

bility requirements for the Electron-Proton Spectrometer

(EPS).

2.0 APPLICABLE DOCUMENTS

-The following documents of the issue in effect on the

date of application shall form a part of this specifica-

.- ~ tion to the extent specified herein.

MIL-STD 202D, Test Methods for Electronic and Electrical

Component Parts

MIL-STD 750A, Test Methods for Semiconductor Devices

-MIL-STD 883, Test Methods and Procedures for Microelec-

tronics

NHB53-0.4(1A), Reliability Program Provisions for Aero-

nautical and Space Systems Contractors

3.0 REQUIREMENTS FOR TEST LABORATORY SUBCONTRACTORS

3.1 Facilities

The subcontractor shall provide and maintain adequate

facilities for inspecting and testing electronic com-

ponents described in this specification.
.c

3.2 Inspection, Measuring and Test Equipment

--The subcontractor shall maintain and control inspection,

measuring and test equipment in accordance with NHB5300.4(1A).

Upon request, the subcontractor shall submit to Lockheed

- Electronics Company (LEC) for approval, a listing of equip-

ment and their intended usage.
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3.3 Calibration Records

The subcontractor shall prepare and have available for

review by LEC, a written procedure and schedule for the

maintenance and calibration of such equipment based on

type, accuracy, purpose and degree of usage. Records of

calibration shall be maintained and the calibration due

date, or other identification attesting the due date of

the next calibration, shall be displayed on each item of

this equipment.

3.4 Calibration Traceability

Standards used for calibration shall be traceable to the

National Bureau of Standards (NBS). No more than five

steps shall be used to establish traceability from actual

.F inspection and test equipment to the NBS.

4.0 RELIABILITY AND QUALITY ASSURANCE PROVISIONS

4.1 General

The procedures and methods of testing the transistors in

accordance with this specification shall meet the general

requirements of MIL-STD 202D.

4.2 Screening Inspections and Tests

Each transistor supplied shall be submitted in the sequence

specified to the inspections and tests of Table 1.

4.3. Inspection and Test Data

A'summary of the transistor data obtained during each

inspection or test shall be prepared and submitted with
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4.3 (continued)

the transistors to LEC. This summary shall list all tran-

sistors that failed electrical tests and the number that

failed each parameter. The raw test data shall. also be

delivered to LEC with the transistors.

4.4 Inspection and Test Records

Inspection and test records shall include part number,

serial number, inspection or test number, number of

defects found, kinds of defects, acceptance number, and

the disposition inspector's identity. Records of all

inspections and tests shall be dleivered to LEC along

with the transistors.

4.5 Serialization

All transistors shall be serialized in a manner that will

be permanent during use and testing periods.

4.6 Reject Disposition

Each transistor that fails the inspections and tests of

: .: Table 1 shall be marked with a red dot and placed in a

reject bag, and tagged to note unit part number, serial

. number and inspection or test failed. These units shall

also be delivered to LEC. Use Minnesota Mining and Manufac-

-turing Co's 3M-401-5D paint for marking of parts. Mixing and

application should be done in accordance with manufacturer's

specification sheet.

4.7 Marking of Acceptable Parts

Transistors which meet the requirements of this specifica-

tion shall be identified with a permanent green dot placed

on the body of the transistor. The dot shall be placed
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4.7 (continued)

on the body at a point which will not interfere with reading

the manufacturer's part number or date code identification.

Use Minnesota Mining and Manufacturing Co's 3M-401-G3 paint

for marking of parts. Mixing and application should be done

in accordance with manufacturer's specification sheet.

4.8 Acceptance

Preliminary inspection for compliance with the requirements

of this specification may be performed at origin by an

authorized representative of the Government. Final accep-

tance for the Contracting Officer shall be performed by

the assigned project engineer.

4.9 Certificate of Compliance

A certificate of compliance signed by the Quality Control

Manager shall be included with the device shipment. It

shall verify that the transistors were processed in accor-

dance with this specification and that all requirements

'have been met.

4.10 Notification of Government Source Inspector

:The Government Representative who has been delegated

quality assurance function at your test facility shall

be notified immediately upon receipt of this order.
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5.0 PREPARATION FOR DELIVERY

5.1 Type of Packaging

Each transistor shall be packaged in a suitable container

which will protect the body and leads of the device during

shipment. The rejected parts shall be identified and

packaged separately from the acceptable items.

5.2 Packaging for Shipment

The transistors packaged in accordance with Paragraph 5.1

shall be packed to afford protection against damage during

direct shipment from the test laboratory to the receiving

activity. Containers will comply with the carrier's rules

and regulations applicable to the mode of transportation.

6.0 INSPECTION AND TEST METHODS

6.1 External Visual

The transistors shall be examined to verify that the mater-

ials, design, construction, marking and workmanship are in

accordance with the applicable requirements.

6.2 Electrical

All electrical tests shall be performed at an ambient tem-

perature of 25°C unless otherwise noted.

6.2.1 Collector Cutoff Current

VCE = -40 VDC

I °0B

343



6.2.1 (continued)

The collector cutoff current shall be tested in accordance

with Method 3036, Condition D, MIL-STD 750A.

The unit shall be considered failed if the I is

greater than -50 PA dc.

6.2.2 Collector-Emitter Breakdown Voltage

IC -30 mA (pulsed)

IB = 0

Pulse Width = 300 Ps

Duty Cycle = 1%

The collector-emitter breakdown voltage shall he tested in

accordance with Method 3001.1, Condition D, MIL-STD 750A.

The unit shall be considered failed if BV is less than
CEO

-80 VDC.

6.2.3 Emitter-Base Voltage

V -4 VDC

I =-2A
C

Pulse Width = 300 psec

Duty Cycle = 1%

The emitter-base voltage shall be tested in accordance.with

Method 3026.1, Condition D, MIL-STD 750A.

The unit shall be considered failed if the VBE is greater

than -1.5 VDC.
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6.2.4 Emitter Cutoff Current

VEB = -4V

C. = 0

The emitter cutoff current shall be tested in accordance

with Method 3061.1, Condition D, MIL-STD 750A.

The unit shall be considered failed if the I is greaterEBO
than -1 PA.

6.2.5 Forward-Current Transfer Ratio (hFE)

VCE = -4 VDC

Ic = -1 ADC (pulsed)

Pulse Length = 300 Ps

Duty Cycle = 1%

The forward current transfer ratio shall be tested in

accordance with Method 3076.1, MIL-STD 750A.

The unit shall be considered failed if the hFE is less

- ·; - than 30.

6.2.6 Collector-Emitter Saturation Voltage

IC = -1.0 ADC (pulsed)

IB = -0.1 ADC (pulsed)

Pulse Width = 300s .s

Duty Cycle = 1%
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6.2.6 (continued)

The collector-emitter saturation voltage shall be tested

in accordance with Method 3071.1, MIL-STD 750A.

The unit shall be considered failed if the Vc(sat) is

greater than -0.45 VDC.

6.3 Electrical Intermediate

6.3.1 Forward-Current Rransfer Ratio (hF )
FE

VCE -4 VDC

IC = -1 ADC (pulsed)

Pulse Width = 300 ps

Duty Cycle = 1%

The forward current transfer ratio (hFE) shall be tested

in accordance with Method 3076.1, MIL-STD 750A.

The unit shall be considered failed if the hFE is less

than 30.

6.4 Environmental

i.6.4.1- High Temperature Storage

-The transistor shall be exposed to a temperature of 200 0 C,

[ +0°C, -10°C, for a period of 48 hours, +24 hours, -0 hours.

6.4.2 Temperature Cycling

The transistor shall be tested in accordance with TMIL-STD

202D, Method 102, Condition C. The transistor shall be

subjected to five cycles performed continuously.
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6.4.3 Acceleration

The transistor shall be tested in accordance with MIL-STD

750A, Method 2006. The transistor shall be accelerated for

.-one minute in the Y1 plane at a level of 20,000 g's.

6.4.4 Fine Leak

The transistor shall be tested in accordance with MIL-STD

202D, Method 112, Condition C. The units shall be subjec-

ted to a pressure of 60 psig + 10 psig, in a helium atmos-

phere for a minimum period of four hours. The units shall

then be placed in a mass spectrometer to measure helium

leakage. Units exhibiting leak rates in excess of 10 8

atm-cc/sec shall be considered failed.

6.4.5 Gross Leak

The transistor shall be tested in accordance with MIL-STD

883D, Method 1014, Condition C, at a temperature of 125°C

+ 10 0 C. - The unit shall be submerged to a minimum of one

inch into the hot liquid and observed for a minimum of one

minute. Any unit emitting a continuous stream of bubbles

shall be considered failed.

6.4.6 Vibration

Each device shall be tested in accordance with MIL-STD

202D, Method 204A, Condition C. The following shall

apply.

1. Non-operating
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6.4.6 (Continued)

2. Perform 2.4.2 Part 2 only

(a) The entire frequency range of 55 to 2000 cycles

(no return sweep) shall be traversed in 10 + 3

minutes

3. Paragraph 6.3, Electrical Intermediate, shall be run

after completion of vibration testing.

6.5 Burn-In

6.5.1 Heat Sink

The transistor shall be mounted on a heat sink whose tem-

perature will be maintained at 700 C, +150 C, -5°C.

6.5.2 Test Ccnditions

The collector to emitter voltage VCE shall be set at -10V.

The collector current IC shall be set at -1 ADC.

6.5.3 Test Length

The test shall be run for 168 hours, +12 hours, -0 hours.

Section 6.2 of this specification shall be rerun, and any

transistor failing any portion of Section 6.2 shall be

considered failed. Prior to the testing of Section 6.2,

the transistor shall be allowed to return to ambient tem-

perature (25°C).
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Radiographic Examination

6.6.1 Procedure

: The transistor shall be X-rayed

planes. Maintain unit identity

position.

6.6.2 Acceptance

in two mutually perpendicular

between units and film

Examine film, using 10X minimum magnification, and reject

units having the following defects or characteristics:

a. Poor chip mounting: any unit displaying less than

- 50% contact between chip and mounting base.

b. Extraneous material: Any unit displaying extraneous

or foreign material that is not a normal portion of

the product.

c. Bonds and bond wires: any bond or bond wires that

are misplaced, loose or extra. Bond wires that are

within 0.005 inch of any area not electrically co,,mmon

with the bond wire.

d. Miscellaneous: ·any anomaly which, in the opinion of

the inspector, will degrade performance or reliability

of the unit.
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TABLE 1

ELECTRICAL AND ENVIRONMENTAL

Electrical

Environmental

High Temperature Storage

Electrical

Temperature Cycling

Electrical

Fine Leak

Gross Leak

Electrical

Vibration

Burn-In

Radiographic Examination

REQUIREMENTS

Para. 6.2

Para. 6.4

Para. 6.4.1

Para. 6.3

Para. 6.4.2

Para. 6.3

Para. 6.4.4

Para. 6.4.5

Para. 6.3

Para. 6.4.6

Para. 6.5

Para. 6.6
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SECTION 13

SCREENING SPECIFICATION

FOR

TRANSISTOR JAN2N3811

Document Number EPS-129

Prepared by

Lockheed Electronics Company

Houston Aerospace Systems Division

Houston, Texas

Under Contract NAS 9-11.373

for

National Aeronautics and Space Administration

Manned Spacecraft Center

Houston, Texas
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· -· :· ·· : :· .. ...: : .. .: .

..0 SCOPE. ' -

.This document defines the necessary requirements for

screening of Transistor 2N3811 to satisfy NASA High

Reliability requirements for the Electron-Proton

Spectrometer (EPS).

2.0-. APPLICABLE DOCUMENTS .. ' : · ..... .

The following documents of. the.'issue in effect on the

date of application shall form a part of this speci-

fication to the extent specified herein.

MIL-STD 202D, Test Methods for Electronic and Elec-

trical component parts

MIL-STD 750A, Test Methods for Semiconductor Devices

MIL-STD 883, Test Methods and Procedures for Micro-

electronics - . :' ' .

NHB 5300.4(1A), Reliability Program Provisions for

Aeronautical and Space Systems Contractors 

3.0 - REQUIREMENTS FOR TEST LABORATORY SUBCONTRACTORS

3.1 '' Facilities

The subcontractor shall provide and maintain adequate

. facilities for inspecting and testing electronic com-

ponents described in this specification.
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3.2 Inspection, Measuring and Test Equipment

The subcontractor shall maintain and control inspection,

measuring and test equipment in accordance with NHB

5300.4(1A). Upon request, the subcontractor shall sub-

mit to Lockheed Electronics Co. (LEC) for approval, a

listing of equipment and their intended usage.

3.3 Calibration Records

The subcontractor shall prepare and have available for

review by LEC, a written procedure and schedule for

the maintenance and calibration of such equipment

based on type, accuracy, purpose and degree of usage.

Records of calibration shall be maintained and the

calibration due date, or other identification attes-

ting the due date of the next calibration, shall be

displayed on each item of this equipment.

3.4 Calibration Traceability

Standards used for calibration shall be traceable to

the National Bureau of Standards (NBS). No more than

five steps shall be used to establish traceability from

actual inspection and test equipment to the NBS.

4.0 QUALITY ASSURANCE PROVISIONS

4.1 General

The procedures and methods of testing the transistors

in accordance with this specification shall meet the

general requirements of MIL-STD 202D.
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4.6 (continued)

reject bag and tagged to note unit part number, serial

number and inspection or test failed. These units shall

also be delivered to LEC. Use 3M-401-5D paint for mar-

king of parts.

4.7 Marking of Acceptable Parts

Transistors which meet the requirements of this spec-

fication shall be identified with a permanent green

dot placed on the body of the transistor. The dot

- :A shall be placed on the body at a point which will not.

interfere with reading the manufacturer's part number

or date code identification. Use 3M-401-G3 paint for

marking of parts.

-4.8 Acceptance

Preliminary inspection for compliance with the require-

ments of this specification may be performed at origin

by an authorized representative of the Government.

Final acceptance for the Cbntracting Officer shall be

performed by the assigned project engineer.

4.9 Certificate of Compliance

A certificate of compliance signed by the Quality

Control manager shall be included with the device

shipment. It shall verify that the transistors

were processed in accordance with this specification

and that all requirements have been met.
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Notification of Government Source Insoector

The Government Representative who has been delegated

quality assurance function at your test facility shall

be notified immediately upon receipt of this order.

PREPARATION FOR DELIVERY

Type of Packaging

Each transistor shall be packaged in a suitable con-

tainer which will protect the body and leads of the

device during shipment. The rejected parts shall be

identified and packaged separately from the accep-

table items.

Packing for Shipment

The transistors packaged in accordance with Paragraph

5.1 shall be packed to afford protection against damage

during direct shipment from the test laboratory to the

receiving activity. Containers will comply with the

carriers.rules and regulations applicable to the mode

of transportation.

INSPECTION AND TEST METHODS

External Visual

The transistors shall be examined to verify that the

materials, design, construction, marking and workman-

ship are in accordance with the applicable require-

ments.
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Electrical

All electrical tests shall be performed at an ambient

temperature of 25°C unless otherwise noted.

Both sections of the dual device shall be tested sepa-

rately.as defined in paragraphs 6.2 and 6.3.

Collector-Base Cutoff Current

VCB = 50 VDC
CB

. IE = 0E

The collector-base cutoff current shall be tested in

accordance with Method 3036, Condition D, MIL-STD 750A.

The unit shall be considered failed if the I is
CBO

greater than 0.01 pAdc.

Collector-Base Breakdown Voltage

I
C

- 10 1Adc

I
E

=0E

The collector-base breakdown voltage shall be tested

in accordance with Method 3001.1, Condition D, MIL-

STD 750A.

The unit shall be considered failed if BV is less
CBO

than 60 VDC.

Emitter-Base Breakdown Voltage

I
E

= 10 piAdc

C
=

360
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! .22.3 (continued)

The emitter-base breakdown voltage shall be tested in

accordance with Method 3026.1, Condition D, MIL-STD

750A.

The unit shall be considered failed if the BV is
EBO

less than 5.0 VDC.

6.2.4 Collector-Emitter Breakdown Voltage·

IC = 10 mAdc

I
B

= 0 (pulsed)

Pulse Width = 300 Ds

Duty Cycle = 1%

The collector-emitter breakdown voltage shall be

tested in accordance with Method 3011.1, Condition D,

MIL-STD 750A.

The unit shall be considered failed if the BV is
CEO

less than 60 VDC.

6.2.5 Forward Current Transfer Ratio (HFE)

VCE 5.0 VDC

I
C

= 100 pAdc

Pulse Length = 300 Vs

Duty Cycle = 1%

The forward current transfer ratio shall be tested in

accordance with Method 3076.1, MIL-STD 750A.
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6.2.5 (continued)

The unit shall be considered failed if the hFE is less

than 300.

6.2.6 Base-Emitter Saturation Voltage

IC = 100 pAdc

I = 10 pAdcB

The base-emitter saturation voltage shall be tested

in accordance with Method 3066.1, MIL-STD 750A.

The unit shall be considered failed if the VBE (Sat)

is greater than 0.7 VDC.

6.2.7 Collector-Emitter Saturation Voltage

I C = 100 pAdc

IB = 10 pAdc

The collector-emitter saturation voltage shall be

tested in accordance with Method 3071.1, MIL-STD 750A.

The unit shall be considered failed if the VCE (Sat)

is greater than 0.2 VDC.

6.3 Electrical Intermediate

6.3.1 Forward Current Transfer Ratio (hFE)

V 5.0 VDC
CE

I
C

= 100 pAdc (pulsed)
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6.3.1 (continued)

Pulse Width - 300 Ps

Duty Cycle = 1%

The forward current transfer ratio (hFE) shall be

tested in accordance with Method 3076.1, MIL-STD 750A.

The unit shall be considered failed if the hFE is

less than 300.

6.4 Environmental

6.4.1 High Temperature Storage

The transistor shall be exposed to a temperature of

2000 C, +00, -10° , for a period of 48 hours, +24 hours,

-0 hours.

6.4.2 Temperature Cycling

The transistor shall be tested in accordance with

MIL-STD 202D, Method 102, Condition C. The transistor

shall be subjected to five (5) cycles performed con-

tinuously.

6.4o.3 Acceleration

The transistor shall be tested in accordance with MIIL-

STD 750A, Method 2006. The transistor shall be accel-

erated for one minute in the Y. plane at a level of

20,000 g's.
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6.4.4 Fine Leak

The transistor shall be tested in accordance with

MIL-STD 202D, Method 112, Condition C. The units

shall be subjected to a pressure of 60 psig + 10 psig,

in a helium atmosphere for a minimum period of four

hours. The units shall then be placed in a mass spec-

trometer to measure helium leakage. Units exhibiting

leak rates in excess of 108 atm-cc/sec shall be con-

sidered failed.

6.4.5 Gross Leak

The transistor shall be tested in accordance with

MIL-STD 883D, Method 1014, Condition C, at a tem-

perature of 1250 C +100 C. The unit shall be sub-

merged to a minimum of one inch into the hot liquid

and observed for a minimum of one minute. Any unit

emitting a continuous stream of bubbles shall be con-

sidered failed.

6.4.6 Vibration

Each device shall be tested in accordance with

MIL-STD-202D, Method 204A, Condition C. The following

shall apply:

1. Non-operating

2. Perform 2.4.2 Part 2 only

(a) The entire frequency range of 55 to 2000

cycles (no return sweep) shall be traversed

in 10+3 minutes
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(continued)

3. Paragraph 6.3 Electrical Intermediate shall

be run after Completion of Vibration Testing.

Burn-In

Heat Sink

The transistor shall be mounted on a heat sink whose

temperature will be maintained at 70°C, +15°C, -5°C.

Test Conditions

The collector to emitter voltage VCE shall be set at

34 volts. The collector current I shall be set to

3 -mAdc each portion.

Test Length

The test shall be run for 168 hours, +12 hours, -0

hours. Section 6.2 of this specification shall be

rerun, and any transistor failing any portion of

Section 6.2 shall be considered failed. Prior to

the testing of Section 6.2, the transistor shall be

allowed to return to ambient temperature (25°C).

Radiographic Examination
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6.6.1 Procedure

The transistors shall be X-rayed in two mutually per-

pendicular planes. Maintain unit identity between

units and film position.

6.6.2 Acceptance

Examine film, using 10OX minimum magnification, and

reject units having the following defects or charac-

ter-istics.

a. Poor chip mounting: any unit displaying less

than 50% contact between chip and mounting base.

b. Extraneous material: any unit displaying extra-

neous or foreign material that is not a normal

portion of the product.

c. Bonds and bond wires: any bonds or bond wires

that are misplaced, loose or extra. Bond wires

that are within 0.005 inch of any area not elec-

trically common with the bond wire.

d. Miscellaneous: any anomaly which, in the opinion

of the inspector, will degrade performance or

reliability of the unit.
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TABLE 1

ELECTRICAL AND ENVIRONMENTAL REQUIREMENTS

Electrical. . . . . .

Environmental . . . . ..

High Temperature Storage.

Electrical. . . . . .

Temperature Cycling

Electrical. . . . . . . .

Fine Leak . . . . . . .

Gross Leak. . . . . .

Electrical.

Vibration.. . . . . . . .

Burn-In . . . . . . . .

Radiographic Examination.

. . .

* * *
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0 , . . .

.- . . .
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. . . . .

* * * . .

·' 0 · ·- ·

* . .
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. .Para. 6.2

Para. 6.4

Para. 6.4.1
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1.0 SCOPE

This document defines the necessary requirements for the

screening of Transistor 2N4878 to satisfy NASA high relia-

bility requirements for the Electron-Proton Spectrometer

(EPS).

2.0 APPLICABLE DOCUMENTS

The following documents of the issue in effect on the date

of application shall form a part of this specification to

the extent specified herein.

MIL-STD 202D, Test Methods for Electronic and Electrical

Component Parts

MIL-STD 750A, Test Methods for Semiconductor Devices

MIL-STD 883, Test Methods and Procedures for Microelec-

tronics

NHB 5300.4(1A), Reliability Program Provisions -or Aero-

nautical and Space Systems Contractors

3.0 REQUIREMENTS FOR TEST LABORATORY SUBCONTRACTORS

3.:1 Facilities

The subcontractor shall provide and maintain adequate

facilities for inspecting and testing electronic compo-

nents described in this specification.

3.2 Inspection, Measuring and Test Equipment

The subcontractor shall maintain and control inspection,

measuring and test equipment in accordance with NHB

5300.4(1A). Upon request, the subcontractor shall submit
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3.2 (continued)

to Lockheed Electronics Company (LEC) for approval, a

listing of equipment and their intended usage.

3.3 Calibration Records

The subcontractor shall prepare and have available for

review by LEC, a written procedure and schedule for the

maintenance and calibration of such equipment based on

type, accuracy, purpose and degree of usage. Records of

calibration shall be maintained and the calibration due

date, or other identification attesting the due date of

-the next calibration, shall be displayed on each item of

this equipment.

3.4 Calibration Traceability

Standards used for calibration shall be traceable to the

National Bureau of Standards (NBS). No more than five

steps shall be used to establish traceability from actual

inspection and test equipment to the NBS.

4'.O RELIABILITY AND QUALITY ASSURANCE PROVISIONS

4.1 General

The procedures and methods of testing the transistors in

accordance with this specification shall meet the general

requirements of MIL-STD 202D.

4.2 Screening Inspections and Tests

Each transistor supplied shall be submitted in the sequence

specified to the inspections and tests of Table 1.
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Inspection and Test Data

A summary of the transistor data obtained during each

inspection or test shall be prepared and submitted with

the transistors to LEC. This summary shall list all

transistors that failed electrical tests and the number

that failed each parameter. The raw test data shall also

be delivered to LEC with the transistors.

4.4 Inspection and Test Records

Inspection and test records shall include part number,

serial number, inspection or test number, number of defects

found, kinds of defects, acceptance number, and the dis-

position inspector's identity. Records of all inspections

and tests shall be delivered to LEC along with the tran-

sistors.

4.5 Serialization

All transistors shall be serialized in a manner that will

be permanent during use and testing periods.

4.6 Reject Disposition

Each transistor that fails the inspections and tests of

Table 1 shall be marked with a red dot and placed in a

r..eject bag, and tagged to note unit part number, serial

number and inspection or test failed. These units shall

also be delivered to LEC. Use Minnesota Mining and Manu-

facturing Co.'s 3M-401-5D paint for marking of parts.

Mixing and application should be done in accordance with

manufacturer's specification sheet.
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4.7 Marking of Acceptable Parts

Transistors which meet the requirements of this specifi-

;cation shall be identified with a permanent green dot placed

on the body of the transistor. The dot shall be placed on

the body at a point which will not interfere with reading

the manufacturer's part number or date code identification.

Use Minnesota Mining and Manufacturing Co.'s 3M-401-G3

paint for marking of parts. Mixing and application should

be done in accordance with manufacturer's specification sheet.

4.8 Acceptance

Preliminary inspection for compliance with the requirements

of this specification may be performed at origin by an

authorized representative of the Government.- Final accep-,

tance for the Contracting Officer shall be performed by

the assigned project engineer.

4.9 Certificate of Compliance

A certificate of compliance signed by the Quality Control

Manager shall be included with the device shipment. It

shall verify that the transistors were processed in accor-

dance with this specification and that all requirements

f. have been met.

4.10 Notification of Government Source Insoector

The Government Representative who has been delegated

quality assurance function at your test facility shall be

notified immediately upon receipt of this order.
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5.0 PREPARATION FOR DELIVERY

5.1 Type of Packaging

Each transistor shall be packaged in a suitable container

which will protect the body and leads of the device during

shipment. The rejected parts shall be identified and

packaged separately from the acceptable items.

5.2 Packaging for Shipment

The transistors packaged in accordance with Paragraph 5.1

shall be packed to afford protection against damage during

direct shipment from the test laboratory to the receiving

activity. Containers will comply with the carrier's rules

and regulations applicable to the mode of transportation.

6.0 INSPECTION AND TEST METHODS

6.1 External Visual - .

The transistors shall be examined to verify that the

materials, design, construction, marking and workmanshin

are in accordance with the applicable requirements.

6.2 Electrical

All electrical tests shall be performed at an ambient tem-

perature of 25°C unless otherwise noted.

Note: All tests shall be performed on both transistors

(dual package).
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6.2.1 Collector Cutoff Current

V = 45 VDCCB

IE ° 0

.The collector cutoff current shall be tested in accordance

with Method 3036, Condition D, MIL-STD 750A.

The unit shall be considered failed if the I is
CBO

greater than 0.1 nA dc.

6.2.2 Collector-Base Breakdown Voltage

I
C

= 10 pA dc

IE = 0

The collector-base breakdown voltage shall be tested in

accordance with Method 3001.1, Condition D, 'MIL-STD 750A.

The unit shall be considered failed if BV is less than
CBO

60 VDC.

6.2.3 Emitter-Base Breakdown Voltage

IE = 10 IA dc

IC =0

The emitter-base breakdown voltage shall be tested in

accordance with Method 3026.1, Condition D, ?MIL-STD 750A.

The unit shall be considered failed if the BVEBO is less

than 7.0 VDC.
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6.2.4 Matching Characteristics

6.2.4.1 DC Current Gain Ratio

ICl = 10 ~iA

IC2 10 ~A

CE 1
VCEl = 5.0 V

VCE2

The forward current transfer ratio shall be tested in

accordance with Method 3076.1, MIL·-STD 750A.

The DC Current Gain Ratio hFE /'hFE shall have the

following characteristics:

Min 0.9 Max = 1.0

Note: Lower of two hFE is defined as hFE

6.2.4.2 Base-Emitter Voltage Differential

IC = 10 PA

IC2 10 - pA

VCEl = 5.0 VCE1

V 5.0 V
CE2

The base-emitter voltage shall be tested in accordance

with Method 3066.1, Test Condition B, MIL-STD 750A.

Base Emitter Voltage Differential V - V shall
BE BE= 3.0 mV maximum.

be = 3.0 mV maximum.
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6.2.5 Forward Current Gain (hFE)

VCE = 5 VDC

IC = 10 pA dc

The forward current gain shall be tested in

accordance with Method 3076.1, MIL-STD 750A.

The unit shall be considered failed if the hFE is less

than 200.

6.2.6 Emitter Cutoff Current

I =0

VEB = 5.0 V

The emitter cutoff current shall be tested in accordance

with Method 3061.1, MIL-STD 750A.

The unit shall be considered failed if the IEBC is greater

than 0.1 nA.

6.2.7 Collector Saturation Voltage

I
C

= 1.0 MA dc

IB = 0.1 MA dc

The collector saturation voltage shall be tested in accor-

dance with Method 3071.1, MIL-STD 750A.
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6.2.7 (continued)

The unit shall be considered failed if the Vc (sat) is

greater than 0.35 VDC.

6.3. Electrical Intermediate

Note: All tests shall be performed on both transistors

(dual package).

6.3.1 Forward Current Cain (hFE)

VCE =5.0 VDC

IC = 10 pA dc

The forward current -gain -(hFE) shall be tested

in accordance with Method 3076.1, MIL-STD 750A.

The unit shall be considered failed if the hFE is less

than 200.

6.4 Environmental

Note: All tests shall be performed on both transistors

(dual package).

6.4.1. High Temperature Storage

The transistor shall be exposed to a temperature of 2000 C

+0°C, -10°C, for a period of 48 hours, +24 hours, -0 hours.
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6.4.2 Temperature Cycling

The transistor shall be tested in accordance with MIL-STD

202D,. Method 102, Condition C. The transistor shall be

subjected to five cycles performed continuously,

6.4.3 Acceleration

The transistor shall be tested in accordance with MIL-STD

750A, Method 2006. The transistor shall be accelerated

for one minute in the Y1 plane at a level of 20,000 g's.

6.4.4 Fine Leak

The transistor shall be tested in accordance with MIL-STD

202D, Method 112, Condition C. The units shall be subjec-

ted to a pressure of 60 psig + 10 psig, in a helium atmos-

phere for a minimum period of four hours. The units shall

·then be placed in a mass spectrometer to measure helium

leakage. Units exhibiting leak ranges in excess of 108

atm-cc/sec shall be considered failed..

6.4.5 Gross Leak

The transistor shall be tested in accordance with 'IIL-STD

883D, Method 1014, Condition C, at a temperature of 1250 C

:+ 100 C. The unit shall be submerged to a minimum of one

inch into the hot liquid and observed for a minimum of

:-5 l--one minute. Any unit emitting a continuous stream of

bubbles shall be considered failed.
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6.4.6 Vibration

Each device shall be tested in accordance with

MIL-STD-202D Method 204A Condition C. The following

shall apply

1. Non-operating

2. Perform 2.4.2 Part 2 only

(a) The entire frequency range of 55 to 2000 cycles

(no return sweep) shall be traversed in 10±3

minutes

3. Paragraph 6.3 Electrical Intermediate shall be run

after completion of vibration testing.

Burn-In

Note: All tests shall be performed on both transistors

(dual package).

6.5.1 Heat Sink

The transistor shall be mounted on a heat sink. The tran-

sistor case temperature will be maintained at 70 0 C, +5°C.

6.5.2 Test Conditions

The collector to emitter voltage VCE shall be set at 30

volts. The collector current IC shall be set to 5 ma

each collector.
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6.5.3 Test Length

The test shall be run for 168 hours, +12 hours, -0 hours.

Section 6.2 of this specification shall be rerun, and any

transistor failing any portion of Section 6.2 shall be

considered failed. Prior to the testing of Section 6.2,

the transistor shall be allowed to return to ambient tem-

perature (250 C).

6.6 Radiographic Examination

Note: All tests shall be performed on both transistors

(dual package).

6.6.1 Procedure

The transistor shall be X-rayed in two mutually perpendi-

cular planes. Maintain unit identity between units and

film position.

6.6.2 Acceptance

Examine film, using 10OX minimum magnification, and reject

units having the following defects or characteristics.

a. Poor chip mounting: any unit displaying less than

50% contact between chip and mounting base.

b. Extraneous material: any unit displaying extraneous

or foreign material that is not a normal portion of

the product.
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6.6.2 (Continued)

c. Bonds and bond wires: any bond or bond wires that

are misplaced, loose or extra. Bond wires that are

within 0.005 inch of any area not electrically corLon

with the bond wire.

d. Miscellaneous: any anomaly which, in the opinion of

the inspector, will degrade performance or reliability

of the unit.
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Table 1

ELECTRICAL AND ENVIRONMENTAL REQUIREMENTS

Electrical . . . .

Environmental. . .

High Temperature S

Electrical . .

Temperature Cycling

Electrical . . . .

Fine Leak . . . .

Gross Leak . .

Electrical . . . .

Vibration. . . . .

Burn-In . . . .

Radiographic Examin

. . . . . . . Para. 6.2

.. . . . . ,. Para. 6.4

orage . .. . Para. 6.4.1

. . . Para. 6.3

W..... ... . Para. 6.4.2

. . . . . . . Para. 6.3

. . . . . . . Para. 6.4.4

.. . . . . . Para. 6.4.5

.. . . . .-. Para. 6.3

. . . .. ... .Para. 6.4.6

* . . . . . . Para. 6.5

Lation . Para. 6.6
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1.0 SCOPE

This document defines the necessary requirements for

the screening of transistor SS3520 to satisfy NASA

high reliability requirements for the Electron-Proton

Spectrometer (EP). 

2.0 APPLICABLE DOCUMENTS

The following documents of the issue in effect on the

date of application shall form a part of this specifi-

cation to the extent specified herein.

MIL-STD 202D, Test Methods for Electronic and Elec-

trical component parts

MIL-STD 750A, Test Methods for Semiconductor Devices

MIL-STD 883, Test Methods and Procedures for Micro-

electronics

NHB 5300.4(1A), Reliability Program Provisions for

Aeronautical and Space Systems Contractors

3.0 REQUIREMENTS FOR TEST LABORATORY SUBCONTRACTORS

3.1 Facilities

The subcontractor shall provide and maintain adequate

facilities for inspecting and testing electronic com-

ponents described in this specification.

3.2 Inspection, Measuring and Test Equipment

The subcontractor shall maintain and control inspec-

tion, measuring and test equipment in accordance with
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3.2 (continued)

NHB 5300.4 (1A). Upon request, the subcontractor shall

-submit to Lockheed Electronics Company (LEC) for appro-

val, a listing of equipment and their intended usage.

3.3 Calibration Records

The subcontractor shall prepare and have available

for review by LEC, a written procedure and schedule

for the maintenance and calibration of such equipment

based on type, accuracy, purpose and degree of usage.

Records of calibration shall be maintained and the

calibration due date, or other identification attes-

ting the due date of the next calibration, shall be

displayed on each item of this equipment.

3.4 Calibration Traceability

Standards used for calibration shall be traceable to

the National Bureau of Standards (NBS). No more than

five steps shall be used to establish traceability

from actual inspection and test equipment to the NBS.

4.0 RELIABILITY AND QUALITY ASSURAYCE PROVISIONS

4.1 General

The procedures and methods of testing the transis-

tors in accordance with this specification shall meet

the general requirements of MIL-STD-202D.
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4.2 Screening Inspections and Tests

Each transistor supplied shall be submitted in the

sequence specified to the inspections and tests of

Table 1.

4.3 Inspection and Test Data

A summary of the transistor data obtained during

each inspection or test shall be prepared and sub-

mitted with the transistors to LEC. This summary

shall list all transistors that failed electri-

cal tests and the number that failed each para-

meter. The raw test data shall also he delivered

to LEC with the transistors.

4.4 Inspection and Test Records

Inspection and test records shall include part num-

ber, serial number, inspection or test number, number

of defects found, kinds of defects, acceptance number

and the disposition inspector's identity. Records of

all inspections and tests shall be delivered to LEC

along with the transistors.

4.5 Serialization

= .

All transistors shall be serialized in a manner that

will be permanent during use and testing periods.
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Reject Disposition

Each transistor that fails the inspections and tests

of Table 1 shall be marked with a red dot and placed

in a reject bag, and tagged to note unit part number,

serial number and inspection or test failed. These

units shall also be delivered to LEC. Use 3M-401-5D

paint for marking of parts.

Marking of Acceptable Parts4.7

Transistors which meet the requirements of this speci-

fication shall be identified with a permanent green

dot placed on the body of the transistor. The dot shall

be placed on the body at a point which will not inter-

fere with reading the manufacturers part number or date

code identification. Use 3M-401-G3 paint for marking

of parts.

Acceptance

Preliminary inspection for compliance with the re-

quirements of this specification may be performed at

origin by an authorized representative of the Govern-

ment. Final acceptance for the Contracting Officer

shall be performed by the assigned project engineer.

Certificate of Compliance

A certificate of compliance signed by the Quality

Control manager shall be included with the device

shipment. It shall verify that the transistors
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4.9 (continued)

were processed in accordance with this specification

and that all requirements have been met.

4.10 Notification of Government Source Inspector

The Government Representative who has been delegated

quality assurance function at your test facility shall

be notified immediately upon receipt of this order.

5.0 PREPARATION FOR DELIVERY

5.1 Type of Packaging

Each transistor shall be packaged in a suitable con-

tainer which will protect the body and leads of the,

device during shipment. The rejected parts shall be

identified and packaged separately from the accep-

table items.

5.2 Packaging for Shipment

The transistors packaged in accordance with paragraph

5.1 shall be packed to afford protection against damage

during direct shipment from the test laboratory to the

receiving activity. Containers will comply with the

carrier's rules and regulations applicable to the mode

of transportation.
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INSPECTION AND TEST METHODS

External Visual

The transistors shall be examined to verify that the

materials, design, construction, marking and workman-

ship are in accordance with the applicable require-

ments.

Electrical

All electrical tests shall be performed at an ambient

temperature of 250 C unless otherwise noted.

Collector-Base Cutoff Current

VCB = 15 VDC

I
E

=

The collector-base cutoff current shall be tested in

accordance with Method 3036, Condition D, MIL-STD

750A.

The unit-shall be considered failed if the ICBO is

greater than 10 nA dc.

Collector - Base Breakdown Voltage

I
C

= 1.0 pA dc

395

i

6.1

6.2

6.2.1

6. 2.

6.2.2

6.0



6.2.2 (continued)

E

The collector - base breakdown voltage shall be tested

in accordance with Method 3001.1, Condition D, MIL-STD

750A. "

The unit shall be considered failed if BVCBO is less

than 35 VDC.

6.2.3 Emitter - Base Breakdown Voltage

IE = 10 pA dc

I =0
C

The emitter - base breakdown voltage shall be tested

in accordance with Method 3026.1, Condition D, MIL-STD

750A.

The unit shall be considered failed if the BV is
EBO

less than 3.0 VDC.

6.2.4

.. . a

Collector - Emitter Breakdown Voltage

IC = 3.0 mA dc (pulsed)
I =0C

I= 0B

Pulse width 4 300 us

Duty Cycle = 1%
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6.2.4 (continued)

The collector - emitter breakdown voltage shall be

tested in accordance with Method 3011.1, Condition

D, MIL-STD 750A.

The unit shall be considered failed if the BVCEO is

less than 20 VDC.

6.2.5 Forward Current Ratio (hfe)

V = 15 VDC
CE

C = 2.0 mA dc

f = 1.0 kHz

The forward transfer ratio shall be tested in accor-

dance with Method 3206, MIL-STD 750A.

The unit shall be considered failed if the hfe is

less than 100.

6.2.6 Base - Emitter Saturation Voltage

I 10 mA dc
C

IB = 1.0 mA dc

The base-emitter saturation voltage shall be tested

in accordance with Method 3066.1, MIL-STD 750A.
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6.2.6 (continued)

The unit shall be considered failed if the VBE(Sat)

is greater than 1.0 VDC.

6.2.7 Collector - Emitter Saturation Voltage

I= 10 mA dc

I
B = 1.0 mA dc

The collector - emitter saturation voltage shall be

tested in accordance with Method 3071.1, MIL-STD 750A.

The unit shall be considered failed if the VcE(Sat) is

greater than 0.4 VDC.

6.2.8 Unity Gain Frequency

VCE = 15 VDCCE

IC =1 mA

f = 100 MHz

The Unity Gain (ft) shall be tested in accordance with

Method 3261, Use, Method 3306.1, Condition A to deter-

mine the magnitude of the common emitter small-signal

short-circuit transfer ratio. The unit shall be con-

sidered failed if the ft is less than 500 MHz.

r

6.>3 Electrical Intermediate

6.3.1 Forward - Current Transfer Ratio (hFE)

VCE =2.0 VDC

I
C

= 2.0 mA dc (pulsed)

Pulse Width = 300 Vs
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6.3.1 (continued)

Duty Cycle = 1%.

.-The forward current transfer ratio (hFE) shall be

tested in accordance with Method 3076.1, MIL-STD 750A.

The unit shall be considered failed if the hFE is

less than 75.

Environmental

High Temperature Storage

The transistor shall be exposed to a temperature of

200°C, +0°C, -10°C, for a period of 48 hours, +24

hours, -0 hours.

Temperature Cycling

The transistor shall be tested in accordance with MIL-STD

202D, Method 102, Condition C. The transistor shall be

subjected to five cycles performed continuously.

Acceleration

The transistor shall be tested in accordance with MIL-STD

750A, Method 2006. The transistor shall be accelerated

for one minute in the Y1 plane at a level of 20,000 g's.

Fine Leak

The transistor shall be tested in accordance with MIL-STD

202D, Method 112, Condition C. The units shall be sub-

jected to a pressure of 60 psig, + 10 psig, in a helium

atmosphere for a minimum period of four hours.
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6.4.4 (continued)

The units shall then be placed in a mass spectrometer to

measure helium leakage. Units exhibiting leak rates in

excess of 10 atm-cc/sec shall be considered failed.

6.4.5 Gross Leak

The transistor shall be tested in accordance with MIL-STD

883D, Method 1014, Condition C, at a temperature of 125°C

+ 100C. The unit shall be submerged to a minimum of one

inch into the hot liquid and observed for a minimum of

one minute. Any unit emitting a continuous stream of

bubbles shall be considered failed.

:6.4.6 Vibration

Each transistor shall be tested in accordance with MIL-STD

202D, Method 204A, Cond. C. The following shall apply:

1. Non-operating

2. Perform 2.4.2 part 2 only. The entire frequency

range of 55 to 2000 cycles (no return sweep) shall

be traversed in 10 + 3 minutes.

6E.~ -* 3. Paragraph 6.3, Electrical Intermediate, shall be

run after completion of vibration testing.

6.5 Burn-In

6.5.1 Heat Sink

The transistor shall be mounted on a heat sink whose

temperature will be maintained at 701C, +150C, -50 C.
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6.5.2' Test Conditions

The collector to emitter voltage VCE shall be set at 10

volts. The collector current I shall be set to 15 mA dc.
C

6.5.3 Test Length

The test shall be run for 168 hours, +12, -0 hours.

Section 6.2 of this specification shall be rerun, and any

transistor failing any portion of Section 6.2 shall be

considered failed. Prior to the testing of Section 6.2,

the transistor shall be allowed to return to ambient

temperature (250C).

6.6 Radiographic Examination

6.6.1 Procedure

The transistor shall be X-rayed in two mutually perpen-

dicular planes. Maintain unit identity between units

and film position.

6.6.2 Acceptance

Examine film, using 10OX minimum magnification, and reject

units having the following defects or characteristics:

a. Poor chip mounting: any unit displaying less than

50% contact between chip and mounting base.

b. Extraneous material: any unit displaying extraneous

or foreign material that is not a normal portion of

the product.
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6.6.2 (continued)

-c. Bonds and bond wires: any bond or bond wires that

are misplaced, loose or extra. Bond wires that are

within 0.005 inch of any area not electrically common

with the bond wire.

d. Miscellaneous: any anomaly which, in the opinion of

the inspector, will degrade performance or reliability

of the unit.
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TABLE I

ELECTRICAL AND ENVIRONMENTAL REQUIREMENTS

1. Electrical Para. 6.2

2. Environmental Para. 6.4

:-2.1 High Temperature Storage Para. 6.4.1

-2.2 Electrical Para. 6.3

2.3 Temperature Cycling Para. 6.4.2

-2.4 Electrical Para. 6.3

2.5 Fine Leak Para. 6.4.4

2.6 Gross Leak Para. 6.4.5

-2.7 Electrical Para. 6.3

...2.8 Vibration Para. 6.4.6

2.9 Burn-In Para. 6.5

2.10 Radiographic Examination Para. 6.6
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3.3.10.2 Restriction on Use of Transistors and Capacitors.

None of the restricted parts are used in the EPS.

3.3.10.3 Soldering NBH5300.4(3A)

The soldering techniques and requirements are imposed by

the Quality Assurance Plan, Reliability Plan and Inspection

during assembly. The requirements of NBH5300.4(3A) are

by definition and implementation rather than by analysis.

-3.3.10.4 Welding and Brazing

The welded techniques and requirements are imposed by the

Quality Assurance Plan, Reliability Plan and Inspection

during assembly. The requirements of MIL-W-6858 are by

definition and implementation rather than by analysis.
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3.3.10.7 Adhesive Bonding

The adhesive was selected on the basis of satisfactory per-

formance in prior applications. The only area using adhesive

is the strip heaters. All operations connected with bonding,

were conducted in a dust free area. Specific materials are

described in the fabrication procedures. Bonding was accomplished

according to manufacturer's recommended procedures. The speci-

fication used in this process is MIL-A-9067C.

3.3.10.9 Parts and Material Selection.

Refer to paragraph 3.3.9

3.3.10.9.1 Controlled Electrical, Electronic and Electro-

mechanical (EEE) Parts

See EEE Parts List attached.
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EPS-469

ELECTRON-PROTON SPECTROMETER

EEE PARTS LIST

LEC Document Number EPS-469

Prepared by

Lockheed Electronics Company

Houston Aerospace Systems Division

Houston, Texas

Under Contract NAS 9-11373

for the

National Aeronautics and Space Administration

Manned Spacecraft Center

~ Houston, Texas

June, 1971
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EEE PARTS LIST

Prepared

Approved

by: 1_t_,
b . Gleeson
Reliability and Quality
Assurance Engineer

by: ; E--
B. E. Curtsinger d
Engineering Supervisor

B. C. Hall
Program Manager

Electron-Proton Spectrometer Program

Advanced Programs Department

Lockheed Electronics Company, Inc.

Houston Aerospace Systems Division

Houston, Texas
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ELECTRON-PROTON SPECTROMETER

The Electron-Proton Spectrometer EEE Parts List catalogs

the electrical, electronic, and electromechanical (EEE)

parts used in the EPS. The list is divided into sections

each representing a particular assembly. The parts of each

assembly are grouped by their generic name. Parts are

identified by size, rating, material, and part numbers

as applicable. Drawing designation, manufacture, specifi-

cation number, method of qualification, qualification

status, and number required are also shown.

Parts used on the EPS are procured to user's specifications

that include reliability and quality assurance for each

application. Electronic parts have been derated to obtain

the best operating levels for prolonged reliability.
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3.3.11 Standard Parts

Refer to paragraph 3.3.10.9.1

3.3.13 Fungus Resistance

The parts and materials used on the EPS were selected to

resist fungus by the elimination of nutrients which could

support such fungus. The electronic assemblies are con-

formal coated to further prevent surface and component

exposure to fungus. Humidity tests have proved that the

electronics and mechanical packaging are free of nutrients

for fungus. The exposed surfaces of the baseplate has been

chemically treated to prevent fungus and corrosion. All

other components used on the EPS are sealed or otherwise

free of fungus nutrients.

3.3.13 Corrosion Prevention

Metal and mechanical parts used in the EPS are of the corrosion

resistant type. Areas that are exposed to possible corrosion

has been suitably treated to prevent corrosion.

3.3.14 Interchangeability and Replaceability

The EPS was designed; as a total unit, to be. replaceable on

any flight of Skylab. Each subassembly was designed so a like

assembly will have interchangeability and replaceability.

It becomes necessary to calibrate the EPS after replacement

of certain modules, however, this is expected in any equip-

ment of this type. Spare subassemblies are designed to

replace those in the EPS if it becomes necessary.
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3.3.18 Storage

Ancillary hardware has a storage life of five years. The

only parts or materials which are sensitive to age or storage

environments are the EPS detectors which are not to be instal-

led in the EPS instrument until approximately three weeks

before launch. Control is maintained on these items by

historical record card.
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